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Abttract 


Modern  «>nveotionai  wnHere  requires  not  only  adequate  military  fon^,  but  ad¬ 
vanced  e<»m>mic  infirastructures  capable  of  supporting  these  fon^.  Such  infiraatruc- 
tures  provide  large  vulnerable  taigeta  susceptible  to  enemy  air  attack.  Although 
aoixie  tai^ieta  have  little  value,  this  is  c^tt  Uw  case  with  oil.  Hie  pehmleum-lmsed 
sectcHT  ^  any  naUon’s  econtnny  is  a  vital  taxget,  particularly  during  large,  &st-pac^ 
conventional  qperatkma.  Hiis  study  focus»  cm  the  fundanmntal  utility  of  tai^^eting 
and  attadrfng  generic  petioleum  systems.  When  finished,  the  reader  ahouhi  be  able 
to  determine  whether  targeting  oil  systems  might  be  usefitl,  and  if  so,  what  part  of 
the  system  to  attack. 

When  consideiing  an  oil  system  ss  a  potential  target,  one  most  certainly  thinks  of 
Work)  War  H,  or  posaibly  ^^tnam.  WhUe  these  particular  oonfiicts  are  by  no  nmans 
the  (sily  OKample  of  targi^ng  oil  systema,  they  provide  valudbte  insights  when  ana¬ 
lyzed.  Take,  instance,  the  case  of  the  Seomd  World  War.  Prior  to  the  conflict, 
little  thouj^t  had  been  given  as  to  how  one  might  actually  go  about  deetroying  tl» 
petroleum-based  sectmr  of  a  nation’s  economic  infirastnuture.  As  tim  war  progressed, 
the  need  for  strat^d*^  intelligence  and  civilian  expertise  soon  became  evittent.  Air 
planners  further  realized  that  doctrine  did  ni^  equal  targeting  and  that  centrum  of 
gravity  were  not  always  within  reach.  In  other  words,  Uttie  tiicught  bad  been  given 
as  to  how  unescorted,  daylight  strategic  bmnbing  might  be  used  to  defeat  Germany, 
to  include  gaining  air  superiority  by  targeting  oil  (^sterns.  Finally,  the  historical 
studies  of  World  War  II  highlight  orw  last  loHMm,  the  need  to  consider  collateral 
efkscts  when  targeting  oil. 

While  the  success  of  Allied  air  attadis  during  World  War  11  indicates  the  utility  of 
targeting  oil  systems  during  war,  the  US  experience  in  Vietnam  seems  to  indicate 
the  opposite.  Not  only  did  American  planimrs  fail  to  cmisider  the  lessons  of  World 
War  II,  but  they  also  employed  air  power  in  an  inappropriate  way — they  attacked  oil 
systems  without  ccmsidermg  the  enemy  requirements.  Not  only  did  the  enemy  not 
require  large  anmunts  of  oil,  but  imighboring  nations  provided  them  with  Icgiatical 
sanctuaries.  The  planners  also  insisted  on  linking  aircraft  types  to  target  sets.  In 
other  wtHtls,  since  strategic  aviation  had  struck  oil-related  ta^^  during  World  War 
11,  it  had  to  do  it  again.  Tactical  air  power  was  definitely  out  of  the  question  sinra  it 
had  n(^  been  used  for  stratc^c  bombing  in  the  past.  In  sum.  the  historical  analysis 
pc^ts  to  a  number  of  critical  lessons  which  one  must  consider  when  targeting  oil-re¬ 
lated  products  and  syiftems. 

Building  upon  a  historical  foundation,  the  study  then  shifts  its  focus  to  current 
and  future  trmids  in  bt^  the  oil  industry  and  modem  war.  At  present,  it  appears  as 
though  oil  will  feed  the  world’s  economic  for  at  least  the  next  40  years  and  that 
omsumption  will  continue  to  increase  slcmly.  Technology,  at  the  same  time,  appears 
to  be  acoslerating  the  timing  and  tempo  of  war.  Oil  may  very  well  be  a  critical  target 


in  Mure  conflicts  and,  in  an  era  of  ^^hyperwai*;*'  must  be  t::*geued  for  imnwdiate 
effect.  Hmraver,  when  targeting  oi),  one  must  n^  overlook  tl.«>  possibili^  of  a  pro* 
tracted  war.  As  a  result,  cm  should  target  tactical-level  storage  faciliUei  flrst,  criti¬ 
cal  resupply  networks  ncett,  and  refineries  or  points  of  importation  last,  when 
neraasary.  Finally,  when  targetini  oil-related  products,  planners  may  want  to  am- 
aider  tl»  use  of  an  enUrely  new  series  of  weapcms — ncmlethal  weaptms.  Nimlethal 
wrapons  offer  t^  unique  ability  to  degrade  and/or  eliminate  traditional  oil-ba«ed 
products  vital  to  warfare  without  deskt^ng  a  nation’s  infrastructure. 

In  sum,  the  petroleum-based  sector  of  a  nail's  eamacay  offers  a  large,  vulnerable 
target  t&t  today’s  air  fdminer.  By  iiu»rfing  the  lessons  of  the  past  with  current  and 
future  trmida,  one  ran  achieve  immediate  results  and  dramatiraJly  affect  the  oui- 
cmneofwar. 
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iucstion 


As  lAst  sii  Japanese  aircraft  s«i7ept  dear  of  P^url  Has^,  a  lain^ 
part  of  ^  IS  Padfk  Fleet  lay  in  ruins.  However,  despite  the  trestentlous 
stKcesa  of  its  attadt,  Japam  had  oitiunitted  one  of  the  ^/eatest  nijt&t^c  mis¬ 
takes  in  military  history.  Left  intact,  dciipite  thmr  vulnerability  to  aerial 
attadc.  oil  taidcs  bohiini{  fom-  and  oce^alf  million  litfurFeis  ml  vital  to 
evmy  American  warship  and  airplane  in  die  Padfo  theater.  In  hindaighi-  the 
inqdicadona  of  the  att^  are  chvioas;  tl^  emnplex  oconomie  infrastructure 
required  l:^  today’e  military  forces  offers  taig^  that  are  generally  large,  S(^ 
and  vulnMwlida.  Ih  fmiiaet  mr  eacploit  sudi  an  inhastructure.  <sie  must  muk9^ 
(Hand  its  purpoae,  how  it  is  ocMEiatimted,  and  what  are  its  vubusndMtitke.  As 
wut  the  case  mine  then  60  years  ago,  tlm  petrohnam<faased  sector  dfa  nation** 
eoraxeiqr  is  a  vi]d>ie  target  descarviii^  erftirai  anal^^. 

The  ptirpoae  Uiis  aumognqh  ia  to  dehenmne  the  fundamental  utility  of 
taigeti^  the  p^roleum-hiwed  aector  <d  a  natkm*s  economy.  Althocqsh 
aactor  inqiaeta  all  arww  d*  sodeiy,  this  simiy  will  first  foetus  cm  how  attacking 
petxolavm  targets  in  the  past  affocted  emmsy  military  cqieratiaos  Seomtdly, 
while  nxNlertt  hfotcry  is  ftill  at  examidsa  of  inm  to  target  and  dedrt^  an 
enemy's  urfirasinieture,  fow  attonqits  l^ve  been  made  to  analyxe  tluj  why  of 
pfaddng  particular  taigid  mAs.  This  paper  will  seek  to  ounrect  this  pnhlem  1^ 
analyting  whethm  psiroleom  will  remain  a  critical  resource  in  the  fiiture  and, 
if  so,  how  cme  mi|^  go  about  disruptuHf  ss  enemy’s  ncxvss  to  oil,  spedficaliy 
refined  petroleura  products. 

To  pnqmiy  analyse  the  ariticality  of  petn^uro  to  a  nutioo  and  its  military 
foroes,  <Hie  muift  turn  back  in  time.  Although  fm»  can  lode  at  numerous  con- 
fUcta,  this  stud^r  rdll  focus  on  the  uugeting  of  oil  during  World  War  II  and 
Vietnam.  Prior  to  Wwid  War  It,  Uttie  practical  experience  existed  when  it 
came  to  targeting  natim&al  economic  sydema.  In  fii^  rnily  a  handfol  of  air 
tiieoruda  had  givmt  any  serious  tnought  to  straiegk  targeting  until  the  US 
Arn^  Air  Corps  Tactical  School  and  the  British  Air  Ministry  b^an  to  emi¬ 
tter  tike  problem  in  the  Ute  1930s.  During  the  course  d  the  Second  World 
War  a  variety  of  war  plans,  ftom  AWPD^l  to  the  SpaaU  “Oil  Plan,”  identified 
d!  as  a  primary  targ^  In  retrcsqiect,  its  aelectfob  as  a  primary  target  was 
semrd  ai^  provided  a  number  of  key  lessons  that  are  etill  applicable  today. 
Hkc^  tmtude  (1)  tius  imed  for  strategic  intelligence;  (2)  the  need  for  dvilian 
experts  to  identii^  proper  targets;  (3)  Uto  realization  that  doctrine  is  more 
tiian  targeting;  (4)  tim  realizaikm  that  centers  of  gravity  are  not  always 
suli^kct  to  aUack;  (5)  the  need  to  i>nticipate  the  rollateral  eflects  of  bomhard- 


ment;  and  (6)  the  possibiUiy  of  g&Laing  air  superiorily  by  first  iarfsting  petro¬ 
leum,  oil,  and  lubricants  (FOL). 

Twent  y  yMurs  later  and  half-way  around  the  world,  oil,  along  with  many 
other  oumti^  toig^  a^  of  Worid  War  it,  proved  to  ^  of  little  value  in  Ute 
Vietnam  War.  Whereas  World  War  U  was  an  unlimited  war,  Vietnam  was  a 
Umited  war  fought  in  a  nudear  age.  Furthermore,  ^  logistics  sonctuari^ 
prorided  by  neighboring  countries  were  often  oiT-lindts  to  attack.  As  a  t^uli, 
oil  proved  to  be  an  eluaive  iaiget  of  questtonable  value  during  Vietnam.  While 
mcoe  of  the  tergering  leasons  learnt  during  World  War  11  still  applied,  air 
planing  also  had  to  learn  and  relearn  another  eet  of  Some  of  the 

more  signiftc^t  ones  indud^  (1)  the  need  to  ask  if  oil  is  always  a  primary 
toigc^  (2)  tito  need  to  avoid  mirror  imaging;  (3)  tl^  to  question  if  only 
certain  aircraft  can  target  certain  targets;  (4)  the  need  to  obtain  and  use 
effective  tactical  and  sUategic  inteliigenee;  and  (6)  the  need  to  consider  the 
posribility  and  romiScatums  of  sanctuary.  White  this  study  wilt  address  each 
of  these  bistoricai  l^sons,  it  will  not  attempt  to  solve  each  of  the  problems  it 
raises. 

Given  the  varying  utility  of  oil  in  past  conflicts,  will  it  remain  a  valid  target 
in  the  future?  Hie  answer  is  yes.  Oil  is  not  likely  to  be  replaced  by  any 
alternative  energy  source  in  the  near  future.  Cost  alone  will  prevent  Urn 
conversicn  to  alternative  energy  sources.  In  terms  of  targeting,  and  as  the 
recent  Gulf  War  denumstoates,  POL  will  remain  a  critical  target  in  a  new  era 
of  hyperwor.  Since  time  is  of  Uie  i^sence  in  hyperwar.  it  only  mak(^  sense  to 
tai^get  oil  for  immediate  eflfect.  However,  one  must  not  cr/erlodi  the  ptMoibiUty 
of  protracted  war&re.  To  addrees  bc^b  Icmg  and  short  wars,  this  paper  will 
suggest  a  flexible  targeting  scheme  that  can  ochievo  immediate  or  long-term 
effects,  as  the  situatiem  requires.  The  idea  is  to  strike  tactical-level  targets 
first  for  immediate  effect,  critical  elements  of  resupply  next,  and  the  sources 
of  refined  petroleum  products  last,  should  the  need  arise.  Finally,  to  aid  fu¬ 
ture  air  planners,  this  study  will  present  what  appears  to  be  the  best  target  at 
each  level  of  potential  attadu 

Ultimately,  the  fundamental  purpose  of  this  roonagraph  is  to  assist  future 
air  planners  in  their  analysis  of  single  target  sets.  While  refined  petroleum 
products  offer  a  distinct,  and  in  many  cases,  critical  target,  they  are  by  no 
means  a  panacea.  Plaxmers  will  want  to  merge  the  information  pr^ented 
here  with  other  studies  and  sources  to  enhance  their  efforts.  However,  when 
doing  so,  planners  must  ultimately  realise  targeting  theory  is,  and  must  be, 
ctmsidered  an  art  shaped  by  persoxiai  bias,  fact,  and  assumptiem. 


2 


Ciiai>t«r2 


Unlimited  War  and  Oil 


Eitriy  aad  Worid  W«r  n 

War*  definition,  Ut  ‘an  act  of  force  to  ecnnpel  our  enemy  to  do  our  will.”* 
Aaauming  the  goal  remaina  the  same,  it  l^eumlly  eaadatea  to  a  whe^ 
the  enemy  ia  forced  to  employ  ”Uu»  total  meana  at  hia  dispt^  and  the 
atrength  of  hia  wUl*^  in  an  effort  to  reaiat.  Aa  adveraariea  commit  fiurther 
reaouroitt,  one  in  an  effort  to  foit»  a  change  in  behavka:  and  tlm  dther  in  an 
effort  to  rwiat,  th^  approach  extremea.  War,  aa  it  approaches  these  me* 
tremca,  ultimately  cemaumea  a  natkm'a  entire  resource  base  ”in  an  efverex* 
panding  machine  of  violence*^  defined  aa  unlimited  war.  Given  the 
technolo^Oal  advances  during  the  192^  and  ISSfk,  tiie  possibility  of  unlim¬ 
ited  war  continued  to  expand.  The  rise  of  air  power,  in  particular,  set  the 
stage  for  unpre«sdented  violence,  as  distant  cities,  foctoiies,  and  eomiomic 
infoaatnictttres  became  targets.  0^  of  the  moat  crudal  of  all  targi^  was  oil 
and  its  aaaodated  by-produeta. 

Altimu^  the  first  nugw  attempt  to  deatrpy  petitrieum  or  its  byproducts  did 
n<A  occur  until  World  War  U,  cotisiderable  interest  in  it  aa  a  potmtial  target 
existed  before  the  war.  During  Um  late  1930s,  for  example,  the  US  Army  Air 
Corps  Tactical  School  (ACTS)  advocated  aerial  attadcs  against  a  nation’s  "in¬ 
dustrial  web,”  or  "national  economic  structure Strategic  bombardment  en- 
thxisiaats  like  Haywood  S.  Hansell,  Jr,  Muir  S.  Fairchild,  and  Laurence  S. 
Kuter  thought  that  a  nation’s  ability  to  wage  war  was  directly  related  to  its 
ability  to  convert  raw  materials  into  weaponry.  Within  this  context,  the  petro¬ 
leum  industry  became  a  prime  target.  As  the  1939  ACTS  "National  E(»nomic 
Structure”  ledure  noted: 

Pvtndeam  is  eaMnihd  to  modern  wnr.  Air  Fwreea,  nwduaued  and  motmiied  forces, 
as  as  navies  would  be  belpleso  withmit  its  products.  Should  it  be  posable  to 
deny  ml  to  a  nation,  its  ability  to  wage  modem  war  wouki  be  seriously  int«rfof«d 
with,  if  not  comi^etely  tencinsted.  Alw  this  (tonial  would  cause  a  breakdown  in  the 
traoqxMrtaticm  and  diMributing  aystem  of  the  aatioa.* 

The  ACTS  lecture  stated  that  the  petroleum  industry  was  vital  to  the  United 
States,  that  it  was  hea'/ily  dependent  upon  pipelines,  water  transport,  and 
rail  nets,  and  that  refineries  tended  to  concentrate  in  the  saixw  ^ographic 
area.  The  lecture  sdso  suggested  that  while  the  United  Static  possessed  a 
unique  indigenous  oil  industry  and  a  redundant  distribution  system  offering 
sufficient  cushion  in  case  of  attack,  other  nations  were  not  as  lucky  and  wera 
highly  susceptible  to  disruptive  aerial  attacks.  The  ACTS  laid  the  groundwork 


for  ectmomie  ^auikl  mdusbrittl  tai^^i^  luad  ailvoeatedi  a  «trat€^  air 

pow«r  doet^aa  Uiat  would  subaequantly  influcuea  the  Ajaefrioui  approach  to 
Mtrial  warilua  and  target  aeleciioti  in  Worid  War  H. 

At  the  aanw  time,  the  British  ware  also  bui^  analysing  how  bait  to  ^^ibroy 
an  adversan'  with  i^tigie  bomt^rdmaat  In  1939,  the  British  Air  Min^tiy 
dira^  a  aeri^  of  'iMtitenedc*  studies  in  order  to  koite  the  key  points 
within  impcHtani  ae^ors  of  the  German  ecotmmy.  The  British  sought  *target 
seta  oootiuhung  only  a  £ew  targeta  the  desirm^on  whi<^  would  have  an 
immediate  on  the  enmny’s  power  (d'ratistance.'^  To  qualify  sm  a  ‘hottiO'' 
neck,”  a  tai^  had  to  he  of  mapH'  importance  to  a  nation’s  mititary,  have  a 
substantial  prop(»iion  its  total  output  ecmcmitrated  in  a  few  plants,  have  no 
appreciidile  spare  prodttcti<m  oipadty  in  or  mit  of  ti»  amntiy,  have  oofy 
l^tsd  poasit^ities  for  ita  use  within  tiw  «»namy,  poss^  mmhiimry  which 
oouy  be  qoidcfy  repaired  at  r^daced,  and  be  incapable  of  quick  dispermd 
witlmut  great  Iom  it  pr^uction.** 

Although  oU  vrae  wA,  included  in  the  original  target  sei,^  a  series  of  studies 
conducted  during  1936 the  Industrial  InteUigemw  Cmitre  teoognizai  it  as  a 
‘%ottlmie<dc''  As  a  result,  the  British  incorporated  ml,  along  with  varkma  otiier 
target  sets,  into  a  series  of  13  prioritised  war  plans  known  as  the  Werdmm  Air 
Plans  (WAP),  whidt  appeared  on  1  October  1937.^  While  b<^  WAP  5  and  6 
dealt  with  oil,  the  lattw  was  the  iMudc  (dl  plan  and  sou|^t  to  destroy  the 
of  German  fuel  production  and  supply — ^*14  plants  and  as  many 

mqjor  oil  refineries.’’**  On  22  Fdinzary  1940,  Sir  Qyril  Newall,  diief  of  British 
Air  Staff,  agreed  that  B<»nber  Command  should  attack  oil  targ^  in  accord^ 
anoe  with  WAP  6  if  Germany  invaded  tiie  Low  Countries.  By  mid-^ril  1940, 
the  British  Air  Staff  was  convinced  German  ml  stm^  were  desperately  low 
and  that  any  fiuther  reduction  would  force  Germany  into  a  crisis  situstkm. 

As  expected,  five  daye  after  the  German  invasima  of  the  Low  Countries  in 
May  1940,  Bomber  Command  began  its  oil  campaign.  The  actual  Western  Air 
Plan  used  was  WA4(c),  which  targeted  oil  plants  in  the  Itiihr  Vall^  (WAP 
6).  Oil  remained  the  basia  of  Britain's  offensive  strategy  tiarouglmut  nmst  of 
1940  and  cmitinued  to  enjoy  popular  support.  The  Future  Strategy  report, 
issued  by  the  British  duefo  of  staff  cm  4  September  1940,  reflected  the  offti> 
miam  of  the  time  and  stated  titat  "Germany's  oil  stocks  might  be  mdirusted— 
and  Germany’s  situation  disastrous — fay  June  1941.****  In  reality,  a  Ittck  of 
suitable  long-range  aircraft  and  a  variety  of  comping  target  priorities** 
forced  oil  to  become  just  one  of  several  competing  tar^  seta  to  receive  atten¬ 
tion.  It  was  not  untU  May  1944  that  it  be^^n  to  receive  significant  aitmtticm 
firom  Allied  bombers.  Up  to  that  point,  "only  1.1  perrent  of  all  Allied  bombs 
hwi  been  directed  at  petroleum  targets.”*^ 

What  was  it  about  oil  that  made  it  such  a  lucrative  tari^?  The  answer  lies 
in  the  targeting  studies  and  analyses  condii^ied  during  the  war.  The  US  Army 
War  Plans  Dtvisicm  submittml  the  firet  of  the  major  target  studies  on  11 
August  1941.  Although  entitled  'hfunitions  Requiremcmts  of  tim  Army  Air 
Forres  (AAF),*  it  was  more  coounonly  known  as  AWPIVl.  Written  by  gradu¬ 
ates  and  instructors  of  the  ACTS,  the  plan  reflected  tlm  school's  teachings — 
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that  <»i«  should  <»tiduct  predoi^  attacks  against  cntical  points  in  an  enom/s 
national  eosnomic  structure  in  order  to  oUminato  his  ability  to  rtesiit. 

According  to  Haywood  Kansetl,  one  of  the  auUwrs  of  AWPl^l, 

^  cnwnridUng  «tti«sUoa  mm.  whidi  wen  the  mteS  vitat  Hnlts?  And  atnoiHl  Uhsw, 
whka  were  Uie  tmt*.  vutiManobte  to  air  attadi?  And  from  amotm  that  eitegory, 
whidt  would  be  nuwt  diffieuU  to  lepUtce.  or  to  Imfdea*  by  diaptnia}  or  by  gdna 
uodergroundt'^ 

CriUeal  to  the  miasicat  s^  forth  in  AWFD/I  was  the  disruption  of  German 
electrical  power  and  transportation  j^rstems.  destruction  of  tl^  German  petro¬ 
leum  syUenyi,  and  if  neo%mary«  the  undermining  ol  German  morale.^'*  In  the 
&ae  of  <dl«  tim  AWPtVi  plaimers  idenUfted  German  synthetic  oil  plants  as 
m»ential  targets.  The  synthetic  oil  plants  were  resptmsible  for  60  percent  of 
the  German  aviation  gasoline  production.  More  spec^eaily,  80  percent  of  the 
aviation  gaaoUne  came  firom  27  synthetic  oil  plants  tocat^  in  w^tem  and 
central  Germany  no  more  than  1,000  miles  hum  English  bases.  These  27 
plants  became  the  primary  oil  targets  for  American  tembem.  Over  the  nest 
year,  two  minor  plans  (AWFD/4  and  Han  for  the  Initiation  of  Air  Forces 
Bomhandmmit  in  the  Eritish  Isle)  would  list  oil  as  a  target  before  the  next 
nudof  war  plan,  AWPO/42,  reused  taigetiug  priorities. 

In  August  2942,  Presidet.t  Franklin  D.  !lo<»evelt  asked  Gen  George  C. 
Marshall  for  the  *number  of  combat  aircraft  by  types  which  slmuld  be  pro¬ 
duced  for  the  Army  and  our  Allies  in  Uus  country  in  1948  in  order  to  Have 
complete  air  ascen^ncy  over  the  enemy.”’*^  The  subsequent  document,  known 
as  AWPD/42.  aet  forth  the  ‘theoretical  requirements*  for  (»mplete  air  ascen¬ 
dancy  in  Europe  and,  along  with  the  results  of  the  bombing  eflbrta  to  date, 
served  as  the  basis  for  AAF  strat^c  planning.  While  target  priorities  re¬ 
mained  basically  the  same  as  earlier  AWPDs,  AWPD/42  established  a  clear 
breakdown  of  responsibiliti^.  The  Americans  would  pursue  a  daylight,  preci¬ 
sion  bombing  campaign  against  vital  elements  of  the  German  war  economy 
while  the  Royal  Air  Force  (RAF)  would  continue  its  night,  area  bombing 
offensive  m  an  effort  to  break  enemy  morale.  Refined  oil  products  became  the 
fifth  priority  target  behind  the  German  aircraft  industry,  submarine  building 
yards,  transportation,  and  electrical  power.*^  Tlw  plan  called  for  the  complete 
destruction  of  23  synthetic  oil  plants  and  Romanian  refineries,  including 
Ploesti.  Itie  overall  goal  was  a  47  percent  reduction  in  refined  oil  products. 
These  goals,  however,  required  current  and  accurate  intelligence. 

The  creation  of  the  Eighth  Air  Force  in  England  reaffirmed  the  need  for 
“strategic"  intelligence  in  air  targeting.  While  the  Economic  Objectives  l^nit 
<130U)  of  the  Office  of  Strategic  ^rvices.  based  in  the  American  embassy  in 
London,  provided  part  of  the  solution,  it  was  the  Committee  of  Operational 
Analysts  (COA)  that  had  the  greatest  effect  on  targeting.  Although  political 
considerations  prevented  them  from  formally  prioritiring  their  list  of  jKJten- 
tial  targets,**  the  COA’s  March  1943  report  hinted  at  the  priority  of  the  over 
60  targets  by  industry.  The  top  three  targets,  seemingly,  were  fighter  aircraft, 
ball  bearings,  and  petroleum.'*®  Both  British  and  American  economic  authori- 


felt  that  few  German  oil  stocks  existed  and  that  the  petroleum  industry 
was  "a  peculiarly  concentrated  target  within  practicable  flying  range.”^^  In 
choosing  oil«  the  COA  agreed  it  was  an  indispensable  and  vulnerable  target 
that  had  a  direct  relationship  to  German;^'*s  capacity  to  resist  invasion.^  In 
reaching  their  decision,  the  COA 

considered  (a)  Uw  indispensability  of  a  product  to  the  enenty  war  ecoiu>my,  (b)  the 
enemy  position  as  to  current  production,  capacity  for  production  aud  stocks  on 
hand,  (c)  Uie  possibilities  of  substitution  for  the  {product,  (d)  the  number,  distribu¬ 
tion  and  vulnerability  of  vital  installations,  (e)  the  recuperative  pMsitnlities  of  the 
industry,  (0  ti>e  time  iag  between  the  destiuction  of  iniuallations  and  the  diMired 
effect  on  the  enemy  effort.^ 

The  C0A*6  report  on  the  Western  Axis  Oil  Industry,  dated  16  January  1943, 
rated  the  importance  of  petroleum-related  targets  as  follows;  hydrogenation 
plants,  crude  oil  refineries,  high-grade  lubricant  plants,  coke  ovens,  Fischer- 
Tropsch  plants,  tetraethyl  lead  plants,  and  oil  fields  and  pipelines.^  Hydro¬ 
genation  plants  receive  top  priority  because  tl^y  product  30  percent  of  all 
oil  and  80  percent  of  all  aviation  fuel  available  to  Germany  in  1943,  they  were 
favorably  located,  and  they  would  be  difficult  and  «cpensive  to  repair/rebuild. 
The  COA  listed  crude  oil  refineries  seoind  due  to  the  large  number  of  targets 
(29  crude  oil  refiner!^  versus  15  hydrogenation  facilities),  the  distance  and 
distribution  of  targets  firom  Allied  air  bases,  and  because  it  was  much  easier 
to  repair/replace  a  standard  oil  refinery  4.han  a  hydrogenation  plant.  Although 
important,  the  COA  felt  the  remaining  tai^ets  offered  little  to  the  overall  Axis 
effort.  While  certainly  not  infallible,  the  COA  had  brought  together  a  group  of 
experts  able  to  dissect  and  examine  the  German  war  ec.^omy,  helped  focus 
Allied  efforts,  and  set  the  stage  for  the  Casablanca  directive,  the  Trident 
Conference,  and  the  subsequent  bombing  diiective. 

In  an  effort  to  determine  future  Allied  strategy  and  refine  muddied  military 
policies,  President  Roosevelt,  Prime  Minister  Winston  Churchill,  and  the 
Combined  Chiefs  of  Staff  (CCS)  met  in  Casablanca  during  mid-January  1943. 
Among  the  key  issues  discussed  was  how  best  to  use  the  rapidly  growing 
Allied  bomber  force.  On  21  January  1943,  the  CCS  released  the  now  famous 
Casablanca  directive,  or  CCS  166/I/D.  German  fighter  strength  became  an 
immediate  objective,  followed  by  a  prioritized  list  of  primary  objectives.  They 
included  German  submarine  construction  yards,  the  German  aircraft  indus¬ 
try,  transportation,  oil,  and  other  industrial  targets.  The  directive  went  on  to 
state  that  the  order  of  priority  might  vary  firom  time  to  time  depending  on 
wartime  developments.  The  Americans  saw  no  reason  to  change  their  original 
plans  to  destroy  “submarine  construction  yards  and  bases,  the  airci'aft  indus¬ 
try,  the  ball-bearings  industry,  oil  production,  and,  as  secondary  groups,  the 
production  of  synthetic  rubber  and  military  transport  vehicles.”^ 

With  the  Casablanca  directive  in  band,  the  respective  air  forces  spent  the 
next  couple  of  months  translatirg  policy  into  specific  oimnutments  and  objec¬ 
tive.  The  plan  for  the  “Combined  Bomber  Offensive  from  the  United  King¬ 
dom,”  more  commonly  known  as  the  CBO,  became  a  reality  with  CCS 
approval  during  the  Trident  Conference  in  Washington  during  mid-May  1943. 


It  was  Uie  same  plan  which  the  Americans  had  adopted  as  a  result  of  the  COA 
report.  It  called  for  the  destruction  of  76  precision  tai^ets  in  six  target  sets.^ 
Oil,  as  a  vital  industry,  remained  a  primary  objective;  however,  its  status  was 
contingent  upon  tiie  ability  to  attack  the  Ploesti  refineries  from  Mediterra¬ 
nean  bases.  Like  AWPDa/1  and  42,  the  CBO  called  for  a  specific  amount  of 
destruction; 

The  quandties  of  petroleum  and  synthetic  oil  products  now  available  to  the  Ger¬ 
mania}  is  barely  adequate  to  supply  the  lifeblood  which  is  vital  to  the  German  war 
machine.  ...  If  the  Hoesti  reveries,  which  process  thirty-live  percent  (3&%}  of 
current  refined  oil  {nroducts  available  to  the  Axis, are  destroyed,  and  ti»  synthetic 
oU  plants  in  Germany  whichprocess  an  addidonal  thirteen  percent  (13%)  are  also 
d^arqyed,  tibe  resulting  disruption  will  have  a  disastrous  ef^  upon  the  supply  of 
finished  products  available  to  tiie  Axis.” 

The  last  m^or  push  for  oil  as  a  target  gained  momentum  during  the  spring 
of  1944  as  the  Allied  forces  prepared  for  D-day.  Gen  Carl  A.  Spaatz,  com¬ 
mander  of  the  US  Strategic  Air  Forces,  realized  control  of  the  air  was  critical 
for  the  success  of  the  invasion.  Since  oil  had  become  a  precious  commodity, 
Spaatz  felt  sure  German  fighters  would  rise  to  defend  Germany’s  remaining 
oil  fadlities/stocks;  when  they  did,  American  escort  fighters  would  eliminate 
the  Luftwaffe.  Spaatz  presented  his  plan  to  Gen  Dwight  D.  Eisenhower  on  5 
March  1944.^  He  highlighted  the  “great  strides  the  Germans  were  making  in 
producing  synthetic  oil”  and  the  fact  that  90  percent  of  output  came  from  54 
crude  and  synthetic  oil  refineries,  of  which  27  were  critical  facilities.^  He 
went  on  to  ai^e  that  if  the  27  critical  refineries  were  destroyed,  half  of  the 
German  gasoline  supply  would  be  eliminated,  and  that  “if  all  fifty-four  centers 
were  attacked  successMly,  German  oil  production  might  fall  to  zero  by  Sep¬ 
tember  of  1944.“^  Although  General  Spaatz  continued  to  lobby  for  oil,  Gen¬ 
eral  Eisenhower  decided  in  favor  of  the  British  “Transportation  Plan,”^^  which 
promised  immediate  effects.  However,  Eisenhower  gave  Spaatz  permission  to 
attack  German  oil  targets  for  a  limited  time.^  The  raids  began  in  mid-May 
1944,  and  as  expected,  “the  German  Air  Force  reacted  vigorously  to  the  at¬ 
tacks  on  oil  plants  and  suffered  severe  losses.”^  Albert  Speer  would  later  say 
that  “I  shall  never  foi^et  the  date  May  12.  . . .  On  that  day,  the  technological 
war  was  decided."^ 

Analysis  of  OU  Targeting  in  World  War  n 

Although  the  decision  to  target  oil  seemed  obvious,  the  reasoning  behind  it 
remains  important  today.  In  seeking  to  immobilize  and  eliminate  the  German 
military.  Allied  air  planners  did  not  just  happen  to  seize  upon  oil.  They  nar¬ 
rowed  their  focus  through  a  series  of  specific  questions  designed  to  identify  the 
sources  of  military  effectiveness.  The  questions,  asked  primarily  by  the  Brit¬ 
ish  Air  Ministry,  the  US  Army  War  Plans  Division,  and  the  Committee  of 
Operational  Analysts,  were  as  follows; 

a.  Which  activit’e"  most  important  to  the  military? 

b.  Which  produce  tne  most  highly  specialized  products? 
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c.  Which  have  the  greatest  degree  of  concentration? 

d.  Which  are  most  difficult  to  repair,  replace,  or  disperse? 

e.  Which  offer  no  appredabie  spare  production? 

f.  What  level  of  reserve  stock  is  available  to  the  enemy? 

g.  Is  there  any  possibility  of  substitution? 

h.  Where  and  what  are  the  m(»t  vital  links? 

i.  Which  links  are  the  most  vulnerable  from  the  air? 

j.  Is  time  a  critical  factor?^^ 

The  case  of  German  hydrt^enaiion  plants  helps  clarify  the  above  process.  The 
primary  product  of  these  plants,  aviation  gas,  was  critical  to  the  su<x:ess  of  the 
entire  German  military  effort,  particularly  the  Luftwaffe.  It  was  a  unique 
product  produced  by  a  limited  number  of  highly  vulnerable  plants.  In  that 
‘Ihe  hydrt^enation  plants  were  practically  the  sole  source  of  German3r*s  avia¬ 
tion  gasoline  production,”  little  spare  production  seems  to  have  existed.^ 
Furthermore,  given  the  fact  that  all  Ge’  man  pilot  training  had  stopped  by 
September  1944  and  certain  modeb  of  aircraft  were  grounded  because  of 
excessive  fuel  consumption,  reserves  appear  to  have  been  nonexistent  and  no 
other  suitable  fuel  alternatives  were  available.^''  As  for  timing,  it  was  a  criti¬ 
cal  factor — the  sooner  the  hydrogenation  plants  could  be  de8tro3red,  the  sooner 
air  superiority  could  be  won.  Overall,  while  the  above  questions  are  somewhat 
general  in  nature,  they  helped  Allied  air  planners  decide  that  the  German 
hydrogenation  plants  actually  were  important  taigets.  The  same  questions 
offer  a  point  of  depailure  for  the  modem  air  planner,  and  an  opportunify  to 
narrow  his  focus. 

The  air  planners  of  World  War  U  were  by  no  means  ignorant,  but  they 
faced  a  series  of  new  and  difficult  problems.  Never  before  had  there  been  a 
need  for  strategic  targeting  intelligence,  for  civilian  expertise  in  target  selec¬ 
tion,  or  for  an  ability  to  understand  the  unanticipated  effects  of  destroying 
particular  target  sets.  Further,  no  one  fully  understood  how  to  best  defeat 
particular  centers  of  gravity  or  gain  air  superiority  by  destroying  a  particular 
target  set.  Given  the  magnitude  of  these  problems,  further  study  and  analysis 
now  follow. 

Although  air  planners  did  a  fairly  good  job  of  asking  the  right  questions 
about  targeting  oil,  they  suffered  from  a  lack  of  suitable  strategic  intelligence. 
At  no  time  in  history  had  such  a  requirement  for  detailed  industrial  informa¬ 
tion  ever  existed.  While  the  ACTS  was  aware  of  the  need  for  industrial  intelli¬ 
gence,  as  a  concept  it  was  still  in  its  infancy.^  A  saving  grace  was  the 
Committee  of  Operational  Analysts,  a  group  of  primarily  civilian  experts  who 
provided  focus  and  direction  to  the  strategic  bombing  effort  by  using  economic 
and  business  principles  to  identify  critical  target  sets.  Given  the  relative 
success  of  the  committee,  future  air  planners  should  continue  to  rely  upon  the 
services  of  civilian  experts  to  help  solve  targeting  and  intelligence  problems. 

Closely  related  to  the  problem  of  adequate  intelligence  is  the  fact  that 
doctrine  is  not  necessarily  a  synonym  for  targeting.  Although  the  US  Army  Air 
Corps  espoused  a  doctrine  of  unescorted,  daylight  precision  bombardment. 
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few  ainnen  underatood  the  relationship  between  doctrine  and  targeting. 
While  early  theorists  had  suggested  particular  target  sets,  none  had  gone  into 
detail  r^arding  what  to  strike,  how  to  do  it,  and  why.  These  problems  were 
no  different  than  the  ones  that  challenge  us  today — while  our  doctrine  may 
appear  sound,  we  are  still  at  a  loss,  in  many  cases,  of  what  to  target  and  how 
6^  to  do  it. 

A  third  problem  centered  on  collateral  effect  and  false  causality.  While  a 
lack  of  strat^c  intelligence  obscured  the  collateral  effects  caus^  by  lost  oil, 
the  problem  only  grew  worse  when  air  planners  focused  on  the  immediate 
cause  and  effect  relationships  that  existed  within  single  tai^et  sets.  By  focus- 
ing  on  single  systems,  the  planners  failed  to  consider  the  downstream  effects 
on  those  who  used  petroleum  by-products  and  chemical  derivatives.  In  fact,  it 
was  not  until  after  the  war  that  the  members  of  the  United  States  Strategic 
Bombing  Survey  (USSBS)  determined  that  by  bombing  the  two  laigest  hydro¬ 
genation  plants,  Ludwigshafen  and  Leuna,  the  Allies  had  eliminated  63  per¬ 
cent  of  Germany’s  synthetic  nitrogen;  40  percent  of  her  synthetic  methanol, 
and  65  percent  of  her  synthetic  rubber.^  According  to  the  USSBS,  ’The  oil, 
chemical,  rubber,  explosive,  and  other  industries,  in  short,  were  interlocked 
not  only  by  their  mutual  dependence  on  coal  but  also  historically,  geographi¬ 
cally,  and  mechanically.  .  .  In  other  words,  one  simply  does  not  have  to 
strike  a  center  of  gravity  to  have  an  effect  on  it.  Future  targeting  efforts  must 
consider  industry-wide  cause  and  effect  relationships,  and  the  associated  col¬ 
lateral  effects  of  bombing  key  industrial  systems,  such  as  oil. 

While  oil  should  not  be  considered  a  panacea  target,  its  role  in  total  warfare 
must  be  recognized  and  understood.  In  World  War  II,  oil  played  a  key  role  in 
the  ability  of  various  Air  Forces  to  achieve  and  exploit  air  superiority.  Consider 
the  case  of  the  Luftwaffe,  for  example.  Throughout  the  first  half  of  the  war, 
oil,  among  other  things,  allowed  the  Luftwaffe  control  of  the  air.  By  the  time 
the  Allies  met  in  Casablemca,  the  German  Air  Force  had  become  so  strong 
that  the  Casablanca  directive  identified  it  as  the  immediate  objective  of  Allied 
air  forces.  While  the  Allies  worked  diligently  to  destroy  the  I.uftwaffe,  it  was 
not  until  mid-1944  that  their  combined  efforts  began  to  succeed.  Once  the 
Allies  resorted  to  attacking  German  oil  facilities,  as  suggested  by  General 
Spaatz  (and  the  EOU),  the  Luftwaffe  collapsed.  Overall  average  oil  production 
fel:  firom  662,0(>0  metric  tons  per  month  to  422, (KK)  metric  tons  in  June  1944 
and  260,000  metric  tons  in  December  1944.  Aviation  gasoline  output  fell  from 
an  average  of  170,000  metric  tons  per  month  during  the  first  four  months  of 
1944,  to  52,000  metric  tons  in  Jxme,  and  ultimately  to  zero.^^  Without  avia¬ 
tion  gasoline,  the  Luftwaffe  was  unable  to  protect  the  German  economy,  aid 
the  Wehrmacht  in  the  field,  or  continue  pilot  training. 

The  lack  of  aviation  gasoline  led  to  uncontested  Allied  air  superiority  over 
Germany  and  eventual  defeat.  There  was  a  direct  correlation  between  the 
amount  of  German  aviation  gasoline  and  Allied  air  losses.  According  to  a 
postwar  analysis  done  by  the  Stanford  Research  Institute,  ’The  tight  position 
of  aviation  gasoline  was  a  major  factor  in  the  defeat  of  the  German  Air  Force 
and  its  ability  to  protect.  .  .  Shortages  of  motor  gasoline  had  equally 
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disastrous  effects  as  ‘ianks  and  armored  vehicles  were  moved  to  the  front  by 
mcen’*^  and  the  Wehrmacht  began  to  suffer  dramatic  reversals  on  both  the 
Eastern  and  Western  fronts.  In  sum,  the  Allied  bombing  of  German  oil  targets 
caused  a  serious  shortage  of  41  and  its  derivatives,  r^ulting  in  the  curtail  ¬ 
ment  of  pilot  training;  greater  Allied  command  of  the  air,  land,  and  sea;  lower 
Allied  attrition  ratra;  and  greater  bombing  eflfectiven^s. 


Siuninary 

Oil  was  a  vital  target  in  the  case  of  World  War  11  and  the  rewards  for  effort 
expended  were  significant.  Although  "oil  targets  received  [only]  234,806  tons 
or  15.9  percent  of  total  [AUiedj  tonnage**^  in  Europe,  the  overall  effect  of  the 
bombing  was  immense.  Allied  air  power  was  aL'e  to  gain  and  maintain  air 
superiority  as  the  Allied  armies  drove  across  the  pi  .L  >  of  Europe,  overrun- 
nir.^  the  disintegrated  German  war  machine.  Ultima tely,  the  war  offered 
numerous  lessons  that  are  still  applicable  to  air  planners  today.  They  include 

1.  the  need  far  strategic  intelligence, 

2.  the  need  for  civilian  e^qiertise  in  target  selection, 

3.  the  realization  that  doctrine  is  nc  a  synonym  for  targeting, 

4.  the  recognition  that  centers  ofgravity  are  not  nec^sardy  subject  to  attack, 

5.  the  need  to  anticipate  the  collateral  effects  of  bombar^ent, 

6.  the  ability  to  gain  air  superiority  by  targeting  POL. 
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ChApt^rS 


Limited  War  and  Oil 


With  the  advent  of  nuclear  weapcms,  war  changed  forever.  Whereas  entire 
nations  had  felt  the  pain  and  misery  of  total  war  in  World  War  II,  nuclear 
weapons  now  provided  the  means  for  at  least  cme  of  the  opponents  to  avoid 
such  agony.  Yet,  the  same  immense  ^structive  capability  t^t  allowed  one  to 
shortcut  the  road  to  unlimit^  war  also  served  to  deter  unlimited  war. 
Whether  by  accident  or  design,  the  US  adopted  the  concept  of  limited  war 
during  the  Korean  conflict  by  withholding  the  use  of  nuclear  weapons  and 
respecting  the  right  of  sanctuary.  FVom  the  Korean  War  <m,  all  wars  which 
have  involved  a  country  possessing  nuclear  weapons  have  been  limited.  Four 
mi^  characteristics  of  limited  war  apply  to  our  study  of  oil:  what  is  limited 
for  one  party  may  be  total  fm  another;  limited  wars  may  be  very  coeUy  and 
prolong^;  prolonged  limited  wars  generally  etgoy  much  less  public  support 
than  other  types  of  war,  and  when  tl^  US  fi^ts  a  limited  war,  the  limitations 
imposed  generally  increase  the  duratum  and  cost  of  the  war.^  Consequmitly, 
as  war  becomes  limited,  ibe  role  of  petroleum  and  its  associated  by-products 
must  diange  as  well.  To  sicdy  the  role  of  petroleum  in  limited  war,  this  paper 
will  now  focus  on  the  Vietnam  War. 

Vietnam  War 

Following  the  Korean  War,  concern  r^arding  the  growing  threat  of  com¬ 
munism  continued  to  build  in  the  Far  East.  In  an  effort  to  stem  its  further 
spread  throughout  Southeast  Asia,  the  United  States  chose  to  make  a  stand 
in  Vietnam.  The  objective  of  the  US  intervention,  accordiing  to  the  March  1964 
National  Security  Action  Memorandum  (NSAM)  288,  was  *‘a  stable  and  inde¬ 
pendent  noncommunist  government.”^  In  blending  the  goals  of  NSAM  288 
with  what  they  thought  most  appropriate,  the  Joint  Chivsfs  of  Staff  (JCS) 
sought  *to  acromplish  destruction  of  the  North  Vietnamese  will  and  capabili¬ 
ties  as  necessary  to  compel  the  Democratic  Government  of  Vietnam  rORV]  to 
cease  providing  support  to  the  insurgencies  in  South  Vietnam  and  Laos.”^’’ 
The  resulting  air  campaign,  code-named  Rolling  Thunder,  sought  to  reduce 
North  Vietnam^e  assistance  from  external  sources,  destroy  war  resource 
already  in  North  Vietnam  (NVN)  rontributing  to  the  support  of  aggression, 
and  to  harass,  disrupt,  and  impede  the  movement  of  men  and  materials  to 
Laos  and  South  Vietnam  (SVN).^  Although  not  specifically  mentioned,  it 
certainly  appears  that  the  air  planners  were  aware  of  the  problem  asa'jciated 
with  sanctuary  and  dispersal. 
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Tile  Ameticaii  i^a  w«i  to  eeeelate  the  bon^ini;  gnutuatty  in  an  ef&rt  to  wedteti 
Nmlli  VietiuuB'e  wiU  to  r«^  hy  deetroying  iU  enpabiUty  to  ili^t.  M  a  n»utt,  the 
niiitory  (dMinen  «dioM  what  they  eonakierid  to  he  key  eotuvee  df  eiiUtary  ai^ 
ceonomte  pmm  m  primary  tatfeto.  In  retra^toct.  it  app«ns  the  pianneni  choae 
many  tarpeto  atmpiy  heeeuae  they  had  wnrlud  in  World  War  it  As  in  Km«a, 
ptannm  were  guitty  id  minwr  imaging  and  foiled  to  understand  the  kitui  of  mar 
they  were  fighttog.  Three  criteria  proved  fundamental  in  choomi^;  targeta.  Um^ 
wm  <al  reducing  North  Vietnain'a  au|H»rt  <d  oimmuAiid  i^wratioas  in  l.aos  and 
South  Vtetaam,  (hi  UmiUng  Nmlh  Vietnameae  capiddlities  to  take  direct  wEtion 
t^painat  Laoa  and  South  Vietnam,  and  finally  <c)  impairing  Nmrth  Vietnam’a  capac¬ 
ity  to  eontiatw  as  an  ^uatriaUy  viidde  atate.^ 

In  true  Clauaewt^Utn  faafaion,  it  wan  t)w  pcditkal  ^jectiv«i,  not  the  militaiy 
dyectivei,  which  drove  the  actual  dedsion  to  bomb  North  Vietnamese  targets. 
Three  hindamental  considerations  tniluenced  target  seiectiem;  *^e  value  of 
the  tai^i»  the  r'sk  of  US  pilot  loss,  and  the  risk  of  widening  the  war.  .  . 
Consequently,  when  Rolling  Thui^r  began  on  2  Mandi  1965,  a  mqiority  of 
tto  {ueviousty  identified  POL  targets  were  oflT'limits  due  to  get^raphical  con¬ 
straints  impoMd  by  Pnwktent  Lyndcm  Jcdinson. 

As  Praudent  Johnstm  eaqumded  the  grmind  war  in  dui  summer  of  1966,  Uie 
JCS  once  again  sought  to  increase  die  air  effort.  In  August  1965,  th^  submit¬ 
ted  a  revised  plan  calling  fw  (1)  attacks  against  military  installations  in 
Haiphmtg  and  H<m  Gay,  the  mining  of  ports,  and  raids  on  roads  and  rail  lines 
nor^  of  Hanoi;  (2)  furtter  attacks  on  airfields,  SAM  sites,  and  dher  military 
facilities  in  Hanoi;  and  finally  (3)  POL  storage  areas  and  electrical  power 
stations,  followed  by  raids  on  the  remaining  industry  in  Hanoi  and 
Haiphong.^*  In  targeting  POL,  tlm  JCS  lu^iied  to  reduce  Um  DRVs  capability 
to  provide  transpmtatitm  to  the  general  economy  and  further  complicate  the 
logistical  problems  of  moving  trooi»  and  military  suppli^  south.  However, 
driven  by  omfUcting  political  objectives,  such  as  the  need  to  end  the  war 
quickly  while  preventing  Russian  involvement.  Secretary  of  Defense  Robert  S. 
McNamara  refused  to  back  the  JCS  plan.  As  a  result,  American  flyers  at¬ 
tacked  only  126  of  the  240  JCS  proposed  targets  by  the  end  of  October  1965.^^ 

On  3  November  1965,  Secretary  McNamara  recommended  an  evolving  Roll¬ 
ing  Thunder  campaign  that  would  take  five  months  and  conclude  with  raids 
on  POL  storage  areas  and  the  mining  of  Haiphong  harbor.^  Frustrated  by  the 
lack  of  action,  the  JCS  recommended  *an  immediate  acceleration  in  the  scale, 
scope,  and  intensity  of  the  bombing,  b^inning  with  heavy  strikes  against 
POL  targets.  . .  The  rati<male  was  that  if  the  rail  lines  could  be  success¬ 
fully  interdicted,  trucks  and  motor-driven  watercraft  would  play  an  even 
greater  role  in  the  delivery  of  supplies  to  the  South.  Then,  if  the  supply  of 
POL  required  by  Ihe  motor-driven  vehicles  could  be  eliminated,  th'!  flow  of 
supplies  would  dramatically  slow,  or  stop,  and  the  insurgenty  would  wither 
and  die. 

Supporting  their  case  was  the  fact  that  North  Vietnam  possessed  no  oil 
fields  or  refineries,  and  had  imported  170,000  metric  tons  of  oil  in  1965, 
mostly  through  Haiphong.  The  tank  farms  at  Haiphong,  holding  some  72,000 
metric  tons,  appeared  to  be  the  critical  link  in  the  system.  With  13  sites 
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onniMrking  97  percent  N<»th  VietiuuncM  POL  sUKrage  capacity,  four  of 
wh^  h«i  alnMMly  bean  deatroyed,  Uie  JCS  convin^  themselvM  that  the 
dcaMructicwi  ol  the  Haiphtmg  tank  farm,  al<»g  with  the  eight  remaining  nud&r 
atcHmge  areas,  Svimid  be  moie  damaging  to  the  DRV  capability  to  move  war- 
suppm'UM  reaourees  .  .  .  than  an  aUack  apiinst  any  other  single 
^fstem.'^lfowever,  cummt  intelligence  indicated  that  numerous  small  POL 
sitm  emre  b^dnning  to  appear  along  with  considerable  drum  storage 
raipaOUtiai.  If  POL  sras  to  be  a  suitabte  target,  timii^  was  critical  so  as  to 
the  mm*e  disruptiott  of  the  sufi^ly  sj^tem. 

FdQowii^  ihe  unsuooessfhl  attmnpt  to  nes^^te  a  pe^e  set^imient  during  the 
37-day  btanl^ng  halt  in  the  winter  oi  1966-66,  suf^i^  for  POL  strikes  b^n  to 
grow,  snd  cm  31  May  1966,  Presdent  Jchnscm  finally  autham»d  air  sUikes 
c^ainst  six  small  POL  storage  fadhtira  in  Uifotiy  populated  areas.  By  mkl-June, 
the  PreimkHif s  advisms  had  otmvinced  him  to  strike  remaining  POL  taints, 
induding  the  Hanca  and  Haiphcmg  dl  storage  fodlities.  The  strikes  b^{an  on 
Jum  1966  and  omttnued  thiou^  July  ai»i  August  until  the  ftiUlity  of  the  effort 
became  dmir.  Although  70  percmit  of  Nmth  Vv^nam’s  large  bulk  stcsra^  had 
fawm  destros^  the  aMuny  still  poasesMd  a  significant  cmhkm,  nmst  of  whidi 
was  located  in  cdf-limit  areas  fomid  within  Nmth  Vietnam.^  As  the  summer 
wore  on,  Nordi  Vi^nam  continued  to  import  and  diqterse  oil  at  small  scattered 
sites,  and  in  quantitfos  sufficient  to  meet  her  wartime  needs.  According  to  the 
Ddense  Intelligenoe  Agmcy  (DIA),  ‘The  greater  invulnerability  of  dispersed 
POL  mmnt  an  ever  mounting  cost  in  munitions,  fuel,  aircraft  losses,  and 
mm.  1^  August  we  were  reaching  the  point  at  which  these  costs  were  prohibi¬ 
tive"^^  Ihe  final  blow  to  the  POL  campaign  came  on  30  August  1966  with  the 
release  of  the  Jascm  Summer  Study  re|^  entitied  *The  Effects  of  US  Bconbtng 
in  North  Vietnaia.”  The  study,  by  47  of  the  nation’s  bip  scientists,  stated  that 
North  Vietnam  was  'basically  a  subsistence  agricultural  econp;ny  tlmt  presents 
a  difficult  and  uiuewarding  target  system  for  air  attafk.”^  It  further  estimated 
that  only  5  percent  of  the  North’s  overall  POL  requirement  was  necessary  for 
logistics  flow  to  the  South,  thus  su^;esting  that  the  air  campaign  could  not 
possibly  achieve  its  goal. 

All  in  all,  the  US  attempts  to  destroy  the  North  Vietnam’s  POL  stocks  can 
be  classified  as  a  st.ategic  failure.  Both  CIA  and  DIA  confirmed  the  failure  of 
the  POL  raids  in  a  joint  report,  stating  that  ‘^ere  was  no  evidence  of  insur¬ 
mountable  transport  difficulties  from  the  bombing,  no  significant  economic 
dislocation  and  no  weakening  of  popular  morale.”^^  US  planners  had  greatly 
overestimated  the  North’s  dependence  on  the  port  facilities  at  Haiphong.  Af^ 
ter  US  bombera  destroyed  the  dock  facilities,  oil  tankers  simply  off-loaded 
their  cargoes  into  waiting  barges,  which  dispersed  the  POL  among  concealed 
storage  sites  along  waterways.  When  bulk  F^L  became  a  problem,  the  North 
Vietnamese  simply  switched  to  oil  drums,  making  dispersal  easier,  faster,  and 
more  efficient.  Simple  innovation  reduced  their  reliance  upon  vulnerable  stor¬ 
age  and  distribution  facilities.  According  to  Adm  U.  S.  Grant  Sharp,  com¬ 
mander  in  chief,  Pacific  Command  (CINCPAC)  and  the  operational  director  of 
Rolling  Thunder: 
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By  «f  BtpUHBlMir  and  dcaidlc  th«  haavy  inapttaaia  an  thk  csamjMiiipa,  it  ara» 

«diB>Ji«d  tbi^  at  Uw  oormU  nM»  of  enwompikm,  Kortli  Vietimn  mtainod  imlR- 
cier,t  nawfvtii  ct  POL  to  maintain  Ha  miHiary  and  eemumk  activity  for  up  to  four 

By  tile  faU  ttf  1966,  US  miUtiury  ieadera  gtven  up  any  hiHie  iH*  oil  being  the 
crithuil  link  in  the  North  Vietnamese  infraatructure  aial  aubaeqiuenUy  alufted 
their  attention  to  otiuar  industries  and  electrical  power.  Six  years  later,  a  final 
short,  but  inbmae,  bonditi^jf  campaign  ended  the  US  partieipattmi  in  the  so- 
called  limits)  Vt^nam  War. 

AiiaSyida  trf  Oil  Tatgetiiig  in  Vk^nraa 

Many  of  the  prcdilems  which  plagued  air  planners  in  their  attempts  to 
target  ml  during  Wmld  War  II  appeared  durii^  Vietnam.  While  the  pre¬ 
viously  micountered  pndilems  were  significant,  the  air  planners  of  Vietnam 
either  faced  entirely  new  pn^lems  or  made  the  same  mistakes  as  their  pn^e- 
cessors.  All  is  lost,  however,  as  detailed  study  of  thmte  problems  only 
serves  to  aid  future  planners. 

Unlike  World  War  11,  whmre  war  was  fought  in  all  three  timdiums  and  few 
sanctuaries  existed,  Nmrth  '^'ietnam  basically  fou^t  a  ground  war  without 
heavy  equipment  while  eqjoying  the  support  of  China  and  tiie  Soviet  Union. 
Whereas  the  Allied  forc»  in  World  War  II  sought  to  immdbilize  and  eliminate 
Axis  military  forces  by  targeting  oil,  the  goal  in  Vietnam  was  to  reduce  exter¬ 
nal  assistance,  destroy  existing  oil  resources,  and  disrupt  the  flow  of  war 
material  to  the  south.  Given  the  type  of  war  fou^t  in  Vietnam,  the  first 
question  one  might  ask  is  whether  oil  was  even  nefxssary.  Did  North  Vietnam 
actually  have  a  significant  requirement  for  oil  or  its  (^-products?  Secondly, 
how  about  collateral  effects — (»uld  the  Americans  hope  to  affect  other  indus¬ 
tries  dependent  on  oil?  The  answer  appears  to  be  no.  In  the  case  of  Vietnam, 
the  North  Vietnam^e  were  basically  supporting  an  insurgency,  had  few 
fielded  forces,  and  enjoyed  in-country,  off-limit  areas  as  defined  by  the  United 
States.  Further,  the  communists’  POL  requirements  were  small.  According  to 
one  report,  only  5  percent  of  the  North's  overall  POL  stock  was  necessary  for 
It^stics  flow  to  the  south.^^  Even  after  70  percent  of  the  large  bulk  storage  in 
the  North  was  destroyed,  it  had  and  maintained  a  significant  cushion.^  So,  if 
the  need  for  oil  simply  did  not  exist,  why  did  the  Americans  target  POL?  The 
answer  is  simple — the  planners  were  guilty  of  mirror  imaging.  What  worked 
in  World  War  II  was  sure  to  work  in  Vietnam,  or  was  it? 

Mirror  imaging  was  not  the  only  problem.  Air  planners  also  sought  to  link 
particular  aircraft  to  certain  target  sets.  Since  strategic  bombers  were  part  of 
the  Air  Force  arsenal,  why  not  use  them  to  strike  strategic  taigets  like  oil? 
This  erroneous  coupling  of  “strategic"  aircraft  with  “strategic”  missions  only 
served  to  further  aggravate  a  faulty  division  of  labor.  However,  in  defense  of 
the  planners,  one  cannot  simply  overlook  the  influence  of  history.  In  the  case 
of  Vietnam,  the  historical  example  involving  strategic  bombing  remained 
World  War  II.  Plamners  are  only  now  just  beginning  to  resolve  the  issue  of 
“tactical"  versus  “strategic"  targeting  due  to  technological  advancements  and 


14 


the  d«i^  end  ability  to  expami  weapon  syetem  rmployment  beycmd  tradi¬ 
tional  hoiiaona. 

Even  if  the  plannera  were  able  to  overanne  the  need  to  link  an  aircraft  with 
a  taifet,  they  atil!  hclud  tuxurate  and  timdy  targeting  intelligenee. 

FoUo^ttg  otir  rapid  demdbilizayon  after  Worid  War  tl,  dte  US  intelUgenee 
(»minuttity  foci<8^  primarily  on  tlm  greateat  potential  thr^t,  the  Soviet  Un¬ 
ion,  and  ba^cally  ignored  the  r^  of  the  wtnrtd.  Furthermore,  not  only  vnm 
the  plannera  uninepared  for  a  low  intensity  conflkt,  but  they  also  failed  to 
properiy  analy^  the  enemy.  UuUke  the  Germans  in  War  II,  the  North 
VietnamMB  were  culturally  different.  Whereas  the  Germans  possessed  simi¬ 
lar  military  capabilitira  and  like  consumption  halidts.  North  Vietnam  p<»- 
8^HM»d  1^  hardware  and  a  frugal  people.  Althou)^  the  US  intelligent^ 
<x>mmunity  has  made  tremendous  progress,  more  is  required.  Given  the 
unique  unipolar  mivircHunent  of  the  wmld  today  and  the  ever-inoi^uung  pmi- 
sibilit^^  of  low  intensity  ctmflict  and  peacekeeping  tqp«ratitms,  the  intelligence 
(»nnmumiy  must  focus  its  efforts  <m  potenti^  ^hoispots*’  versus  traditional 
enemies.  The  final  leason  of  Vietnam  deals  with  the  issue  of  sanctuary.  Sanc¬ 
tuary,  1^  definitkm,  is  a  place  of  ‘immunity  from  arrest  or  puni8hment,’‘^ 
acccording  to  Bernard  Brodie,  it  is  a  “self-imposed  restraint.”^  Unlike  Ger¬ 
many,  North  Vietnam  enjoyed  the  benefits  of  sanctuary.  In  tlm  case  of  North 
Vietnam,  not  <mly  did  China  serve  as  the  saimtuaiy,  but  the  US  actually 
declared  certain  areas  within  North  Vietnam  off-Umits.  The  US  was  willing  to 
reoc^ize  sanctuaries  in  an  effort  to  keep  hcetilities  from  escalating  to  unlim¬ 
ited  warfare.  As  for  coat,  not  mily  were  communist  forces  and  industry  able  to 
<^rate  in  a  safe  environment,  but  the  targeting  and  de^ruction  of  supplies 
became  more  difficult  and  much  less  efficient.  In  the  case  of  oil,  not  only  were 
the  extraction  and  production  facilities  safe,  but  the  devastating  collateral 
effects  eqjtqred  during  World  War  II  were  no  longer  available.  The  only  way  to 
eliminate  oil,  or  any  otl^r  item  for  that  matter,  was  to  somehow  interdict  it 
before  it  arrived  for  end  use.  While  the  recent  Gulf  War  demonstrates  how 
effective  interdiction  can  be,  history  offers  numerous  examples  of  how  difficult 
it  actually  is,  i.e.,  operations  on  the  Ho  Chi  Minh  trail.  Yet,  one  must  realize 
that  sanctuary  is  not  always  n^ative.  For  instance,  Haiphong  was  a  critical 
link  and  natural  “bottleneck”  in  the  case  of  Soviet  sanctuary  and  resupply. 
Had  the  US  not  voluntarily  put  Haiphong  off-limits,  the  effects  of  sanctuary 
might  have  been  greatly  reduced.  As  \  ostrating  as  sanctuary  may  be,  plan¬ 
ners  must  be  ready  to  plan  around  them  in  the  future. 


Summary 

While  World  War  11  proved  frustrating.  Vietnam  seemed  to  prove  even 
more  so.  Not  only  did  American  planners  fail  to  consider  the  les.<ions  of  World 
War  11,  they  also  sought  to  employ  air  p>ower  m  inappropriate  ways.  While  air 
power  possesses  many  unique  qualities  and  offers  many  unique  capabilities. 
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OHtttiii  (b  tJntilte  Germany  wtore  Allies  were  abb  to 

reoov^r  fimn  an  iaiUal  Miortage  of  air  assets,  the  Americans  ulliinately  lost 
tim  Vi^attoi  War  with  a  prepond^ranoe  of  sir  power.  Althm^  no  guarantees 
(udst,  the  ptapear  oondnaatioQ  cd*  taitbthtg,  air  assets,  ami  Ummg  may  have 
wmimd  in  ^^Anam.  In  leaving  this  study  dT  limited  war,  om  must  lenwmber 
to  ecm^der  wfaethmr  attacking  dl  is  even  neMssary;  the  dangers  d*  mimw 
imaging;  tim  fidae  oouiding  of  *strat^ic”  airemft  with  “ttrategic**  targets;  the 
requirmimiit  to  dsiain  and  use  accurate,  timely  intelligence  ami  trehnka! 
es^rUse;  and  Saal^,  tlie  constraints  introduced  by  sanctuaries. 
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Chapter  4 


Hyperwar  and  the  Future 


In  piatming  for  the  future,  one  logically  seeks  to  use  past  experien^  and 
current  information.  Hiis  study  of  oil  is  no  different.  By  now,  the  reader 
might  realize  the  utility  of  targeting  oil  during  total  war,  but  may  queition  its 
utUi^  as  a  target  during  limited  war.  In  considering  oil  as  a  future  target, 
this  paper  will  now  focus  rni  the  projected  availability  of  oil,  expected  future 
omaumption  patterns,  and  the  possible  use  of  alternative  energy  source.  It 
will  tlmn  examine  the  current  trends  and  fhture  direction  of  air  warfare  and 
mm^e  die  results  of  the  two.  After  proving  the  omtinued  importance  of  c  il  in 
future  war,  the  study  will  tackle  tlm  difficult  question  of  whether  or  not  it  is 
possible  to  eCfoctively  targ^  oil  during  hyperwar.  While  the  answer  appears 
to  be  yes,  a  target  priority  system  is  V’tal,  given  the  need  for  immediate 
results.  Finally,  this  paper  will  provide  ui  overview  of  what  the  typical  POL 
infirastructure  looks  l&e  and  how  one  might  target  oil  nuKst  effectively. 

Projected  Availability  and  Future  C<»tununptioii 

Oil  is  and  will  remain  a  viable  world  energy  source  for  the  foreseeable 
future.  As  of  1  January  1992,  known  world  crude  oil  reserves  stood  between 
967.1  to  989.4  billion  barrels.^  As  for  omsumption,  in  1991  the  world  con- 
sunmd  66.6  million  barrels  of  petroleum  per  day,  with  four  countries  consum¬ 
ing  more  than  50  percent  of  the  total.^  Given  the  current  consumption  rate, 
masting  crude  oil  reserves  should  last  more  than  40  years.  However,  many 
believe  a  variety  of  factors  will  allow  for  the  continued  consumption  of  oil  well 
beyond  the  40-year  point. 

According  to  Dr  Charles  D.  Haynes,  professor  of  Mineral  Engineering  at  the 
University  of  Alabama,  we  can  expect  to  use  oil  for  another  150  to  200  years. 
Haynes  believes  that  ciurrent  oil  reserve  figure  fail  to  consider  vast  Russian 
oil  reserves,  that  Middle  Eastern  oil  reserves  are  generally  understated,  and 
that  alternative  sources  of  energy,  such  as  natural  gas,  will  continue  to  grow 
in  use  and  demand.^  It  seems  reasonable  to  assume  that  as  advances  in 
efficiency  and  conservation  efforts  continue  and  alternative  energy  sources 
replace  the  existing  demand  for  petroleum-based  products,  the  availability  of 
oil  will  be  extended  even  further  into  the  future.  Although  consensus  is  diffi¬ 
cult  to  achieve  regarding  the  future  availability  of  oil,  it  appears  that  oil  will 
be  available  for  more  than  40  years,  given  revised  oil  reserve 
change  in  consumption  habits,  and  the  availability  of  alternative  energy 
source. 
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One  of  ^  kejm  to  not  only  predicting  the  avaiiebiUty  of  oil,  but  to  targetii^ 
potroleum-bas^  systena  &»  well,  is  ftiture  omsumptlon  treads.  Although 
each  person  in  an  industrialised  nation  consumes  as  much  as  10  people  in  a 
deveU^phog  one,^  it  appears  as  timugh  consumption  will  increase  much  faster 
in  developing  nations  than  in  mature  Western  economies.  A  report  by  the 
World  R^urt^  Institute  states.  “A  hirUier  tripling  of  eneigy  demand  in 
developing  countries  is  ei^Nicted  between  1985  aiui  2025,  with  foMit  fuels 
sudi  ml  expected  to  be  the  m^or  eneigy  source.*^  The  same  report  go^  on 
to  mmfirm  rapidly  improving  ene^  eflideneies  among  Western  industrial* 
heed  economies,  while  the  International  Petroleum  Emydopedia  states  that 
demand  among  developed  nations  should  increase  at  about  1  percent  per  yesa, 
with  overall  demand  lower  in  2000  than  it  was  during  the  leak  year  of 
1979.'^^  Forthermore,  industrialized  nations  eiyoy  certain  advantage,  Ulut 
redundancy  and  noneasential  consumer  production,  which  allow  for  greater 
8acrin<»  and  8ul»titutiott  during  war.  In  sum,  while  world  oil  consumption  is 
increasing,  the  trend  is  generally  lower  in  industrialized  versus  developing 
nations. 


Alternative  Ei^rgy  Sonr^is 

Since  this  study  is  concerned  with  how  b^t  to  disrupt  oil  use  and  consump* 
tion,  and  primarily  that  of  enemy  military  forces,  a  brief  discussion  of  possible 
alt^native  fuels  is  necessary.  In  the  case  of  motor  vehicles,  alternative  fuels 
appear  to  be  a  real  possibility.  Gas  condensate,  the  unrefined  liquid  recovered 
firom  natural  gas  or  tar  sands,  gilsonite  and  oil  shale,  can  serve  as  a  suitable 
alternative  for  stationary  turbine  and  motor  vehicle  engines.  OfTermg  even 
greater  potential  are  natural  gas,  compressed  natural  gas  (CNG),  and  pro* 
pane.  At  present,  while  it  is  possible  to  design  an  engine  which  can  bum  any 
of  the  ab^e  mentioned  fueb,  designing  a  suitable  fuel  storage  and  iidection 
system  which  allows  a  vehicle  to  run  on  either  basic  gasoline  and  an  alterna¬ 
tive  fuel  is  a  different  story.  In  doing  so,  one  must  dramatically  increase  the 
size  of  the  vehicle.  Finally,  a  number  of  other  synthetic  fuel  processes  exist, 
such  as  direct  coal  Uquification,  but  the  lure  of  cheap  oil  has  made  their 
development  economically  unattractive.  While  alternative  fuel  sources  exist 
for  motor  vehicle  and  gas-powered  engines,  a  variety  of  factors  will  deter¬ 
mine  conversion  rates,  to  include  external  threats,  alternative  fuel  availabil¬ 
ity,  and  competing  demands  for  limited  funds. 

As  for  piston  and  turbine  aircraft  engines,  the  story  is  somewT'st  different. 
Piston  engines  are  the  more  rugged  of  the  two  and  bum  a  tuei  with  low 
spontaneous  ignitability  called  aviation  gasoline,  or  avgas  for  short.  Although 
similar  to  motor  gasoline,  avgas  is  fairly  expensive  and  is  only  produced  in 
certain  refineries  through  batch  production.^^  Turbine  engines,  on  the  other 
hand,  require  fuel  with  a  specific  carbon  content  designed  to  *110x11  flame 
radiation,  carbon  deposition  and  the  formation  of  smoke.*'^  The  turbine  fuel, 
commonly  known  as  aviation  kerosene,  is  ivlatively  easy  and  inexpensive  to 
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im>duee.  Unlike  transpoftation,  fm*  wbkh  altetiuitive  Aiele  are  avail* 
abtet  there  i»  no  nNuiily  available  ihel  autnlitute  for  idrcroft  (^igioea. 

Further,  in  the  case  of  aireiaft  enginea,  the  dHvii^  fa<^  for  alternative 
tecdmology  ia  ocuit.  IHsiofi  engines  can,  in  fkct,  use  liquid  methane  or  avgaa 
l»rodttced  Uirmii^  liquiflcatiott.  Turbine  engines  can  also  use  a  aimilar 
coal-Uquificaikm  derivative,  liquid  methane,  or  liquid  t^ro([^n.  !n  addition, 
biohieb,  eleebrie,  and  nud^  propuUicm  all  enter  the  picture  as  suitable 
alteraativM  to  petrolettm4MUK»d  aircraft  propulsim)  systema.  However,  re- 
gardieaa  of  (^gine  type  or  alternative  fuel,  the  prd»lem  remains  the  As 
kmg  tti  crude  dl  prkes  remain  reasonable,  Uie  cost  d  converting  aviation  to 
aiteraadve  energy  soturcM  will  remain  prdiibitive. 

Ccumuil  and  Future  Trcoids  la  Warfare 

Given  the  relative  availabiUty  of  oil  for  tim  imreai^ti>ie  future  and  its  im¬ 
portance  at  tim  amventkmal  level  of  war.  one  must  next  conaider  the  ibture  of 
war  itaelf.  Asauming  the  recent  Gulf  War  is  an  indication  of  things  to  come, 
rapid  and  revolutionaty  deveiqpnumts  in  tedmoh^  are  creating  a  new  and 
hi^y  eflfodive  form  df  warfare.  This  new  form  of  warfore,  enti^d  hyperwar, 

eadtsUscs  os  Ndi  tsduuiiaiiy,  unprecedented  accaracy,  (^wstiosal  and  atratagte 
atiiiMriae  throui^  tteaitii.  asd  tha  ^diity  to  biias  aB  se  aheiay^  hay  opanuiBesi 
atid  atrati^pc  nodea  wider  oaar-smuitaAeoua  attadt.  Hypmvar  ia  very  difficult  to 
dei^  i^tuefir  to  absorb. . . 

The  goal  of  hypsrwar  is  strategic  paralyais.  The  latter,  as  defined  1^  Miy 
Jason  B.  Barlow,  autiior  of  Strategic  Paralym,  *is  to  selectively  sttadc  or 
thrmitmi  those  targets  that  most  directly  support  the  enemy's  ability  or  will  to 
continue  with  hia  current  behavior."^^  Givmt  the  relative  importance  of  oil,  the 
question  then  becomes  one  of  timing.  Is  it  possible  to  tiuget  oU  in  such  a 
manner  ao  aa  to  support  the  desired  outcomes  of  hyperwar,  and  if  so,  bow  does 
one  go  about  doing  it?  To  answer  the  question,  a  quick  analysis  of  the  Gulf 
War  is  in  order. 

At  first  glance,  it  appears  as  though  one  can  target  ml  and  affect  the 
nutoome  of  hyperwar,  b^ever,  such  a  conclusion  actually  require  fiuther 
-itudy.  Diuing  the  atrat^c  phase  d  the  air  campaign,^  air  pmver  sought  to 
ittfU^  a  *state  of  para^nda  r-  ding  throughemt  tlm  infirastrueixure,  and  in 
dmng  so,  eliminate  Iraq's  capuwiuty  to  continue  subsequent  operatimta.”^^  The 
ail  planners  ultimately  selected  eif^t  target  sets  to  accomplish  their  objec¬ 
tives.^  While  oil  appetuned  seventh  on  the  list,  its  relatively  low  standing  can 
be  misleading  since  oil  and  electrical  power  are  conaideied  "organic  essen¬ 
tials,*  or  in  other  wtuds,  tiiose  facilities  or  processes  without  which  Uie  state 
or  an  <»rganizati(m  cannot  maintain  itself.^  Even  minor  damage  to  organic 
m»entials  may  make  *it  physically  difficult  or  impossible  to  maintain  a  cer- 
tain  policy  or  to  fight."” 

Mxndftd  of  tl^  role  of  organic  ^sentials,  commandeie  rnued  very  spmnfic 
instructions.  Allied  aircraft  were  to  destroy  Iraqi  oil  refining  and  distribution 
fadliti^,  but  not  long-term  production  capabilities.^  According  to  the  USAF 
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Report,  Reaching  Powerfully,  R&uking  Globally,  Coalition  oil  targets  included 
only  Iraq’s  "militarily  significant  refined  product  production,  and  not  its  crude 
oil  production  faciliti^.’^^  The  goal  was  to  eliminate  the  flow  of  POL  to  Iraqi 
military  forces  wiUiout  causing  any  lasting  damage  to  the  nation’s  economy. 
Ironically,  refineri^  tend  to  be  one  of  the  POLrrelated  targets  requiring  the 
greatest  amount  of  rime  to  rebuild.^  In  all,  the  <»alirion  air  forces  struck  28 
Iraqi  refineries  and  mqjor  storage  facilities  with  an  average  of  43  tons  of 
boml»3  per  refinery.®  By  day  34  of  the  air  war,  Iraqi  refining  capability  was 
down  some  93  percent,  with  20  percent  of  the  fuels/lubricante  at  the  refineries 
and  mqior  depots  also  destroyed.® 

By  targeting  oil  specifically,  the  planners  hoped  to  slow  Iraqi  POL  produc¬ 
tion,  eliminate  the  possibility  of  resupply,  and  for(%  senior  Iraqi  leaders  to 
stop  further  offensive  action  at  the  s^t^c  level.  As  in  previous  historical 
examples,  the  big  question  was  how  best  to  measure  the  effects  of  knocking 
out  a  critical  ^stem,  particularly  since  the  effects  are  interpreted  differently 
by  all.  Further  compormding  the  problem  was  a  lack  of  cross  information  (i.e., 
an  understaiuling  of  the  collateral  effects  of  eliminaring  a  particular  sys¬ 
tem).®  The  planners  also  had  to  assume  that  the  m^jor  components  of  Iraq’s 
petroleum  industry  were  basically  the  same  as  other  systems  worldwide,  and 
that  they  were  organized  as  “hub  and  spoke”  type  systems.®  The  &ct  the 
planners  had  to  assume  anything  indicates  a  potential  problem — ^peacetime 
target  study  and  intelligence  gathering  remains  ^sential. 

In  summarizing  the  effects  of  the  Coalition  air  attack,  the  official  Air  Force 
report  stat^,  “The  oil  campaign  was  as  decisive  as  it  had  been  in  World  War 
II,  but  in  a  shorter  time,  with  greater  effectiveness,  and  with  incomparably 
fewer  loss^.”^  While  the  latter  half  of  the  statement  appears  credible,  the 
issue  of  decisiveness  is  certainly  open  to  debate.  It  seems  possible  Saddam 
Hussein  may  have  adopted  a  strategy  of  inaction  during  the  Gulf  War,  choos¬ 
ing  to  husband  or  disperse  his  aircraft  and  maintain  a  stationary  army  of 
occupation  in  Kuwait.  In  actuality,  the  mere  fact  that  he  did  not  move  or  use 
his  military  as  one  might  expect  makes  it  impossible  to  determine  jirst  how 
effective  oil  targeting  might  during  hyperwar.  In  sum,  the  overall  utility  of 
targeting  oil  during  hyperwar  renrains  uiiknown. 

Although  the  pace  of  war  has  accelerated,  planners  caimot  simply  discount 
the  possibility  of  a  protracted  war.  They  must  consider  and  plan  for  not  only 
immediate  results,  but  for  prolonged  warfare  as  well.  To  adequately  merge 
the  changes  in  warfare  with  the  utility  of  targeting  POL  and  related  facilities, 
one  must  adopt  a  “user  first”  model  of  targeting.®  In  explaining  the  model, 
one  must  first  realize  that,  given  the  pace  of  hyperwar  and  the  elasticity  of 
supply  networks,®  immediate  results  are  a  must.  In  the  case  of  oil,  such 
results  occur  at  Ihe  tactical  level.  For  instance,  by  destroying  the  jet  fuel  at  a 
given  base,  all  aircraft  which  are  uiuefueled  at  the  time  of  attack  immedi¬ 
ately  beoime  ineffective.  As  the  war  lengthens  in  duration,  the  enemy  will 
obviously  attempt  to  repair  damage  and  resupply  the  base.  While  previously 
struck  targets  require  monitoring,  and  in  some  cases  follow-up  sorties,  one’s 
efforts  should  next  expand  to  enemy  resupply  capabilities.  Repair  without 
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reauppty  is  useless.  Finally,  if  the  war  becomes  protracted,  planners  may  want 
to  consider  attacking  long-term,  dual-use  targets.^  It  is  at  this  point  that 
production  enters  tlm  picture.  Given  jsustained  military  operations,  the  de¬ 
struction  of  refineries  or  oil  importation  points  may  be  necessary  to  eliminate 
any  cban(»  of  rrampply.  However,  in  doing  so,  the  source  of  petroleum  prod¬ 
ucts  coneumed  by  the  civilian  sector  will  most  likely  also  be  destroyed.  Al¬ 
though  relatively  straightforward,  this  targeting  model  accounts  for  varying 
durations  of  war  and  maximize  one's  awareness  of  morality  during  warfare 
by  striking  pure  military  targets  first. 

The  Typical  POL  Infrastructure 

Given  the  unique  dependency  of  military  forces  on  petroleum-related  prod¬ 
ucts  and  our  ability  to  easily  eliminate  critical  portions  of  the  oil  production 
system,  an  understanding  of  the  POL  system  and  how  to  target  it  is  appropri¬ 
ate.  One  should  first;  note  that  the  industry  is  shaped  somewhat  like  an  hour 
glass.  A  vast  number  of  oil  wells  feed  a  lin^ted  number  of  specialized  refiner- 
wbich  in  turn  feed  tremendous  consumer  demand.  Crude  oil  itself,  like 
iQs  .y  other  raw  materials,  is  of  little  value  tmtil  it  passes  through  a  refining 
pv  ocess.  In  other  words,  the  crude  oil  refining  process  is  a  potential  bottleneck 
within  the  industry.  As  for  targets  upstream  of  the  refinery,  they  are  of  little 
value  as  raw  crude  can  be  obtained  ^m  a  variety  of  sources.^^  Furthermore, 
whether  a  coxmtry  is  a  net  importer  or  exporter  of  crude  oil  matters  little  if 
they  have  no  refining  capacity.  Sitting  upon  millions  of  barrels  of  oil  is  of  little 
value  unless  you  can  process  it  into  a  useable  product  or  sell  it  on  the  open 
market — ^Iraq  serves  as  a  prime  example.  Unlike  the  infrastructure  upstream 
of  the  refinery,  the  portion  downstream  of  the  refinery  offers  tremendous 
targeting  potential. 

Following  the  refining  process,  consumer  products  are  generally  only  stored 
while  awaiting  shipment  to  end  users.  Storage,  whether  at  the  refinery  or 
prior  to  ultimate  use,  can  take  place  in  a  variety  of  forms.  Surface  bulk, 
undergroimd  bulk,  and  fioating  storage  are  the  most  commonly  used  meth¬ 
ods.®®  As  for  transportation,  a  majority  of  refined  products  tend  to  move  by 
pipeline.  Trucks,  railroads,  and  ships  play  a  relatively  minor,  but  important 
role.  Final  storage  and  distribution  is  basically  the  same  as  above,  but  uses 
primarily  trucks  and  pipelines. 

What  To  £[it? 

Targeting  at  the  tactical  level  becomes  a  question  of  what  to  strike. 
Whereas  other  methods  either  kill  essential  personnel  or  destroy  expensive 
assets  that  US  or  Coalition  leaders  may  want  left  intact  for  political  reasons, 
the  destruction  of  bulk  fuel  storage  is  relatively  simple  and  o}st-effective.  For 
the  most  part,  fuel  storage  is  a  matter  of  containment  and  transfer  capability. 
One  either  destroys  fuel  stocks  and  storage  facilities  or  the  capability  to  move 
the  fuel.®^  Common  sen^  dictates  one  should  teuget  the  fuel  itself  and  elimi¬ 
nate  not  only  existing  fuel  reserves,  but  the  ability  to  store  new  fuel  stocks 


when  tibey  arrive.  Without  storage  capability,  resupply  is  of  little  value.^  By 
destroying  the  average  wing's  fuel  reserve,  usually  a  minimum  of  30  days, 
there  is  very  little  an  already  struned  logistics  network  can  do  to  meet  Uie 
demand,  particularly  during  war.  (ACC  peacetime  consumption  rates  gener- 
ally  average  between  200,000  to  300,000  gal/day,  with  a  surge  rate  excelling 
400,000  gal/day.^  As  for  moving  fuel,  the  destruction  of  ptunps  and  associated 
plumbing  networks  is  of  little  use  at  the  tactical  level  since  alternative  meth¬ 
ods  of  transfer  and  refueling  exist.  The  typical  base  can  extract  and  move  fuel 
in  a  matter  of  hours.®®  Without  storage  capability,  however,  an  airfield  or 
logistics  depot  is  of  little  use  to  combat  forces.®^ 

As  for  targeting  itself,  two  options  exist.  Since  the  ultimate  goal  is  to  elimi¬ 
nate  existing  fuel  reserve,  the  target  of  choice  is  the  actual  storage  tank 
itself.  Storage  tanks  have  historically  been  difficult  to  destroy  due  to  the 
precision  required  to  hit  and  penetrate  the  target.  However,  with  the  advent 
of  advanced  precision  munitions,  the  task  is  much  easier.®®  One  must  also  be 
aware  of  the  fact  some  bases  p(»sess  greater  dispersal  capability  than  others. 
For  instance,  while  one  base  might  disperse  its  2,(}00,0{K)  gallons  of  fuel  be¬ 
tween  five  different  locations,  another  might  only  have  two  dispersal  locations 
at  its  disposal.  The  second  option  is  to  target  the  pumphouse  associated  with 
the  tank  itself.  "A  direct  hit  or  even  possibly  a  near  miss  on  a  pumphouse 
could  result  in  a  fire.  A  fire  on  a  lai^e  POL  storage  tank  could  last  for  several 
days.”®®  When  planning,  one  must  also  look  for  additional  holding  tanks  close 
to,  but  not  necessarily  on  the  airfield  or  logistics  base.  Such  tanks  are  gener¬ 
ally  found  within  a  10-16  mile  radius  of  the  base.^®®  The  bottom  line — target 
ta<^cal  level  storage  facilities  first. 

While  destroying  tactical  level  fuel  supplies  certainly  hampers  operations, 
it  may  not  force  immediate  enemy  capitrdation.  Should  this  be  the  case,  an 
enemy  will  most  likely  find  himself  in  one  of  two  positions — either  collapsing 
onto  internal  lines  of  conununications  (i.e.,  retreating  toward  friendly  terri¬ 
tory)  or  engaging  in  static  defense.  In  either  case,  fuel  will  be  necessary,  and 
since  local  reserves  have  already  been  destroyed,  resupply  becomes  critical. 
Since  resupply  is  so  important,  it  must  Ic^cally  become  the  next,  or  interme¬ 
diate,  level  of  targeting.  The  actual  resupply  is  simply  a  matter  of  movement, 
and  in  the  case  of  POL,  it  takes  place  through  a  series  of  pipes,  ships,  and 
vehicles.  In  reality,  the  destruction  of  POL  resupply  capability  is  no  more 
than  a  form  of  intoniiction. 

Pipes  are  certainly  the  most  efficient  and  effective,  and  in  many  cases  the 
only,  form  of  resupply.  As  of  199^,  442,974  miles  of  pipeline  existed  in  the 
United  States  including  the  world’s  largest  volume  petroleum  pipeline,  the 
Colonial  pipeline  sjratem,  which  stretches  from  Texas  to  New  York  Harbor.*®^ 
In  1991,  it  delivered  659.8  million  barrels  of  refined  petroleum  products  to  a 
variety  of  users  including  nugor  civilian  and  military  airports,  such  as  At¬ 
lanta,  Dulles,  National  (Washington,  D.C.),  and  Andrews  Air  Force  Base.^®^ 
In  fact,  the  Colonial  pipeline  carries  some  “15.8  percent  of  all  gasoline,  kero¬ 
sene  and  fuel  oil  supplied  to  the  nation.  .  .  .’’^®®  The  United  States  is  not  the 
only  country  dependent  upon  pipelines;  the  world  is  replete  with  examples  of 
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pi|>elines  that  critical  to  wartime  resupply  which  may  be  a  prime  target 
after  the  destruction  of  tactical  level  fuel  storage  facilities. 

Pipelines  are  very  similar  in  design.  They  consist  of  main  and  spur  lines 
(both  are  usually  buried),  injection  stations,  bo<Mter  stations,  delivery  facili¬ 
ties,  breakout  stomge,  and  computeri:^  control  facilities.  Fuel  can  be  re¬ 
routed  through  branch  pipelines  when  problems  develop  and  emergency 
response  teams  are  readily  available  for  routine  disruptions,  such  as  breaks, 
ruptures,  or  pump  failures.  Alternate  control  facilities  and  manual  opera¬ 
tion  can  repla<%  centralized  0)mputer  facilities,  but  in  a  much  less  efficient 
manner.  In  some  cases,  truck  or  rail  can  provide  an  alternative  means  of 
transportation  for  small  quantities  over  short  distances.  Given  the  possible 
fixes  to  pipeline  disruption,  the  question  becomes,  how  best  to  stop  the  flow  of 
oil  through  a  pipeline? 

The  process  of  pipeline  disruption  is  a  relatively  simple  one.  Although  nu¬ 
merous  alternatives  mdst,  the  one  showing  the  greatest  promise  is  the  elimi¬ 
nation  of  pumping  capacity.  According  to  the  Defense  Civil  Preparedness 
Agency,  a  “pipeline  has  its  greatest  vulnerability  at  its  unguarded  and  un¬ 
manned  pumping  stations.”***^  A  more  recent  (^neral  Accounting  Office 
(GAO)  report  agrees  and  states,  “Although  industry  is  capable  of  quickly 
repairing  minor  damage — such  as  breaks  in  pipe — the  time  to  repair  complex 
facilities,  such  as  pump  stations,  may  extend  to  six  months  or  more.”^^  The 
explosion  and  fire  which  destroyed  Pump  Station  Number  Eight  on  the 
Alyeska  (Trans  Alaskan  Pipeline)  pipeline  confirm  the  findings  of  the  GAO 
report.  Throughput  dropped  from  1 2  to  0.7  million  barrels  per  day,  and  de¬ 
spite  an  intense  rebuilding  effort,  it  took  more  than  nine  months  to  rebuild 
the  station.^*^  Finally,  a  1970  Stanford  Research  Institute  report  indicated 
that  by  destroying  only  three  pumping  stations  along  the  Colonial  pipeline,  it 
would  be  possible  to  cripple  or  halt  its  xise.^*^ 

Pipelines,  and  specifically  pumping  stations,  suffer  from  inherent  vulner¬ 
ability  as  a  result  of  exposed,  unguarded  facihties;  computerized  operations;  a 
limit^  number  of  experienced  personnel;  lack  of  available  spare  parts;  and  a 
glut  of  readily  available  public  information  on  pipeline  operations.  One  of 
the  best  examples  of  this  vxilnerability  is  the  Colonial  pipeline,  which  is  a 
model  for  other  large  systems  throughout  the  world.  A^rding  to  Mr  Dode 
Edmonds,  manager  of  Operations  Planning  and  Pipeline  Control  for  the  (Colo¬ 
nial  Pipeline  Company,  the  loss  of  only  two  booster  stations  along  the  pipeline 
would  result  in  pipeline  shutdown.^*^  Target  identification  would  be  no  prob¬ 
lem  since  m(»t  of  the  pumps  and  motors  are  located  outdoors  at  remote, 
unmanned  sit^  along  ffie  pipeline.  Furthermore,  not  only  are  the  pipeline 
and  pumping  station  locations  readily  available  through  open  sources,  but  the 
pipeline  and  booster  stations  are  also  easily  identifiable  with  infrared  over¬ 
head  photography,^^® 

In  targeting  booster  stations,  one  can  expect  to  put  the  pipeline  out  of 
commission  for  at  least  20  weeks. One  should  note  that  while  Cklonial  uses 
some  of  the  largest  pumps  in  the  world  (5,000  horsepower  [hp]),  it  is  possible 
to  run  a  series  of  smaller  pumps  together.  However,  as  Mr  Doner  of  BWIFs 
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Pump  Division  says,  “this  type  of  arrangement  is  generally  not  very  effec- 
Hyg  Nils  should  also  reaUase  that  pump  size  is  often  a  ftinction  of  pipeline 
su».  In  other  words,  the  smaller  the  pipeline  diameter,  the  smaller  the  pump 
required,  and  the  smaller  the  pump  reqtiired,  the  easier  it  is  to  obtain  and 
replace. 

Another  item  worthy  of  mention  is  the  need  for  electrical  power — each 
5,000  hp  motor  and  pump  requires  approximately  3,750  kilowatts  of  electric¬ 
ity.  Allhough  the  demand  is  fairly  large,  packaged  systems  (i.e.,  portable 
generators)  are  available  to  replace  damaged  electrical  grids.  Finally,  while  it 
might  be  p<»sible  for  Colonial  to  move  spare  pumps  from  each  of  its  remain¬ 
ing  operation^  stations,  such  an  effort  would  require  extensive  plumbing  and 
transportation  assets,  not  to  mention  the  time  to  rebuild  the  original  booster 
station.^^^  Once  a  pipeline  is  back  in  operation,  a  certain  delay  in  oil  delivery 
will  occur  since  it  only  travels  at  about  four  miles  per  hour  when  the  pipeline 
is  fully  operational.  In  sum,  pipelines  are  prime  targets.  While  minor  repair 
capabilities  exist,  pipeline  operations  can  be  easily  shut  down  for  a  significant 
period  of  time. 

Finally,  in  the  case  of  protracted  war,  one  may  have  to  resort  to  a  final,  or 
strat^c,  level  of  targeting.  It  may  be  necessary  or  desirable  to  attack  the 
accual  source  of  a  petroleum-based  product — the  refinery  or  point  of  entry  into 
the  country.  In  those  cases  where  few  or  no  refineries  exist,  a  country  will 
have  to  import  refined  products.  Regardless  of  how  the  product  arrives,  it  will 
most  likely  enter  a  pipeline  for  distribution,  and  prmibly  some  form  of  stor¬ 
age,  before  end  use;  when  it  does,  it  becomes  a  resupply  target.  When  discuss¬ 
ing  product  importation,  two  additional  items  warrant  attention.  First  of  all, 
if  the  product  arrives  by  truck  or  rail,  the  planner  will  have  a  case  of  simple 
interdiction  on  his  hands.  Second,  if  <he  product  arrives  by  ship,  the  planner 
may  have  a  problem  since  it  may  be  politically  and  environmentally  incorrect 
to  sink  a  fully  laden  supertanker.  Once  empty  though,  a  majority  of  the 
environmental  problems  disappear  and  the  tanker  may  become  a  prime  tar¬ 
get.  Sinking  an  empty  taidrer  at  either  the  terminal,  or  in  a  channel,  may 
deny  use  of  vital  facilities  to  other  ships  and  eliminate  the  potential  for  resup¬ 
ply.  The  dsvious  alternative  is  to  actually  destroy  the  marine  terminal  itself. 
Iraq’s  Mina  al-Bakr  oil  terminal,  located  on  the  northern  tip  of  the  Persian 
Gulf,  serves  as  a  prime  example  of  how  vulnerable  a  terminal,  pipeline,  and 
pumping  network  actually  is.  Ihiring  the  Gulf  War,  the  facility  was  90  percent 
destroyed.  It  subsequently  took  “a  record”  eight  months  to  rebuild  the  facility 
using  Iraqi  know-how  and  engineering  personnel.  (One  should  note,  how¬ 
ever,  that  reconstruction  did  not  actually  start  until  10  months  after  the  war 
ended.  'The  terminal  was  out  of  service  a  full  year  and  a  half  While 
targeting  importation  points  is  important,  most  of  the  countries  who  might 
wage  a  full-scale  war  p(»sess  refineries  which  produce  a  majority  of  their  fuel 
requirements. 

Although  targeting  refineries  seems  like  a  simple  matter,  it  can  be  a  very 
precise  art.  It  is  not  necessary  to  completely  destroy  an  entire  refinery,  or  in 
some  cases,  to  even  target  a  particular  refinery.  Each  refinery  is  different  and 
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generally  built  to  proc^  a  particular  type  of  crude  oil  or  to  produce  certain 
products  driven  by  market  demand.  For  example,  a  refinery  will  generally 
process  either  sweet  or  sour  crude,  or  low  versus  high  API  crude;  it  may  be 
built  around  a  specific  method  of  processing  (distillation,  cracking,  visbreak¬ 
ing,  coking,  etc.);  and  it  might  be  designed  to  supply  a  particular  product  (i.e., 
avgas).  Furthermore,  refineries  typically  fall  into  one  of  three  categories:  (1) 
topping  plants  (basic  distillation  imits),  (2)  hydroskimming  plants  (distillation 
and  catalytic  hydrotreating  and  reforming  facilities),  and  (3)  cracking  plants 
(hydroskimming  imits  plus  “crackers”).  As  refineries  grow  in  size,  they  tend 
to  acquire  the  ability  to  alter  production  to  meet  changing  consumer  needs. 
Thus,  when  targeting  oil  refineries,  a  planner  must  know  what  the  specific 
goal  is  (i.e.,  to  stop  the  production  of  fUel  oil  for  example).  Once  the  specific 
goal  is  known,  a  petroleum  engineer  or  expert  will  be  able  to  tell  the  planner 
exactly  which  refineries  must  be  struck  and  where. 

The  where  of  a  refinery  attack  is  a  relatively  simple  question  to  answer. 
Although  refineries  tend  to  come  in  all  different  shapes  and  sizes,  known  as 
configurations,  the  actual  refining  process  is  basically  the  same.  The  first 
step,  and  primary  refining  process,  is  called  distillation. 

DiatiUaticm  involves  the  separation  of  the  different  hydrocarbon  compounds  that 
occur  naturally  in  a  crude  oil.  into  a  number  of  cuts  or  dif^nt  fractions.  Heated 
crude  oil  is  separated  out  in  a  distillation  column  or  fractionating  tower  into 
streams  which  are  then  purified,  transformed,  adapted  and  treated  in  a  number  of 
highly  complex  subsequent  refining  processes. . . 

Distillation  takes  place  in  atmospheric  distillation  columns  or  fractionating 
towers  and  can  yield  some  lighter  end  products  (straight  run  gasoline)  of 
diminished  quality.  The  remaining  heavy  fuels  and  r^idues  are  further  bro* 
ken  down  into  lighter,  more  usable  compounds  with  heat,  a  catalyst,  and 
pressure.  This  process  is  known  as  cracking.^  Catalytic  cracking  is  the  most 
common  form  of  cracking.  In  most  cases,  the  heavy  feedstock  enters  the 
“cracker”  or  “reformer^  where  the  basic  chemical  structtue  of  the  hydrocarbon 
is  modified  with  heat,  catalyst,  and  pressure.  As  in  the  case  of  ^stillation, 
cracking  and  refonnation  ta^  place  in  tall,  high-pressure  vessels  also  known 
as  towers.  Following  the  reformation  process,  remaining  impurities  are  ex¬ 
tracted;  special,  but  generally  nonessential,  compounds  added;  eind  the  vari- 
o\is  cuts  are  mixed  and  blended  to  form  the  final  end  product. 

As  with  any  other  large  system,  refineries  contain  certain  essential  parts. 
Regardless  of  refinery  category,  the  distillation  towers  are,  according  to  Mr 
William  Fiedler,  an  independent  oil  consultant,  the  “heart  of  the  refinery.”^^^ 
Without  the  specially  designed  large,  cylindrical  distillation  towers,  the  entire 
refining  process  is  dramatically  curtailed,  if  not  entirely  shut  down.  Destroy¬ 
ing  the  cracking  and  reformation  towers  will  further  complicate  the  recovery 
process,  but  to  attack  these  without  destro3dng  the  distillation  towers  will  not 
totally  stop  the  production  of  basic  gasoline.  The  towers,  in  a  small  refinery 
(17,600  barrels(day),  are  typically  100  feet  tall,  range  anywhere  from  15  to  25 
feet  wide,  and  may  be  constructed  with  steel  plating  up  to  one  and  one-half 
inches  thick.  The  towers  may  be  tested  up  to  60  pounds  per  square  inch  (psi) 
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internal  pressure  and  may,  in  fact,  be  able  to  withstand  even  greater  pressure 
from  an  external  explosion.*^  Furthermore,  the  towers  in  larger  refineries 
may  be  up  to  three  times  the  size  of  those  found  in  small  refineries. 

As  for  repair  or  replacement,  it  is  extremely  difficult  and  time-consuming. 
All  of  the  towers  are  generally  one-of-a-kind  type  of  items,  specifically  de¬ 
signed  and  constructed  for  individual  refining  units.  According  to  Mr  James 
Edgerly,  a  project  manager  for  Blount,  Inc.,  the  absolute  minimum  time  re¬ 
quired  to  build  a  new  refinery  would  be  at  least  a  year.*^^  To  repair  bomb 
damage  and  replace  any  one  of  the  three  types  of  towers  would  take  at  least 
three  and  one-half  to  four  months.  To  replace  a  tower,  it  must  first  be  con¬ 
structed  at  an  industrial  fabrication  shop  specializing  in  coated  vessels  and 
then  transported  to  the  job  site.*^  Once  there,  a  refractory  (a  concrete-like 
internal  coating  desii^ed  to  protect  the  tower  from  heat  and  catalyst  reac¬ 
tions)  must  be  applied  intenmlly,  and  then  the  systems  must  be  t^ted.  Fi¬ 
nally,  the  time  estimate  to  replace  a  tower  is  based  upon  minimum  collateral 
damage.  In  the  case  of  a  mqjor  fire,  which  is  a  distinct  possibility,  to  repair 
and  replace  a  refining  unit  could  easily  exceed  six  months  assuming  every¬ 
thing  goes  as  planned. 

Further  aggravating  destruction  is  the  fact  that  only  a  handful  of  compa¬ 
nies  throughout  the  world,  primarily  in  developed  countries,  actually  build 
refineries. Although  some  local  expertise  may  exist,  many  developing  coun¬ 
tries  simply  do  not  have  the  intellectual  or  technical  ability  to  rebuild  dam¬ 
aged  refineries  in  short  order.*^  (The  fact  most  of  the  companies  are  from  the 
First  World  tends  to  make  the  tasting  problem  easier,  since  the  planners 
may  have  access  to  the  actual  refinery  plans  and  can  optimize  precision  tar¬ 
geting  capabilities.) 

Regardless  of  the  level  of  attack  (i.e.,  storage  facilities,  resupply  networks, 
or  barborsfrefineries)  nonlethal  weapons  offer  a  relatively  new  method  of 
conveying  a  message  or  accomplishing  the  mission.  In  the  case  of  nonlethal 
weaponry,  it  is  not  so  much  where  one  accomplishes  the  damage  or  destruc¬ 
tion,  but  how.  At  present,  little  information  is  available  regarding  bow  one 
might  go  about  tai^eting  oil  or  refined  petroleum  products,  but  at  least  two 
alternatives  seem  to  exist.  The  first  involves  the  use  of  oil-soluble  agents.  For 
instance,  it  appears  that  some  form  of  chlorine  or  oil-soluble  oxygenating 
agent  (i.e.,  mothballs)  could  render  the  catalyst  in  the  crack  ng  towers  ineffec¬ 
tive,  thereby  causing  an  interruption  in  the  refining  process  of  something 
close  to  a  week.^^^  Special  Operating  Forces  (SOFs)  could  introduce  such  an 
agent  into  the  raw  crude  supply  of  a  refinery  by  tapping  into  the  feed  line  or 
into  a  tanker  during  terminal  operations.  Clearly,  an  oil-soluble  agent  offers 
one  the  ability  to  convey  a  message  without  having  to  destroy  anything. 

The  second  method  involves  the  use  of  microorganisms  similar  to  those 
used  in  bioremediation.^®*  The  organisms  are  basically  enzymes  which  feed  on 
any  organic,  carbon  containing  molecule.  The  “bugs  are  most  effective  at  at¬ 
tacking  petroleum  hydrocarbons,  especially  the  short  chains.”^^  The  “bugs” 
can  be  genetically  engineered  for  optimum  effectiveness,  and  ‘dried  and 
stored  as  a  powdery  mixture  that  resembles  instant  pancake  mix  and  has  a 
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shelf  life  of  about  a  year.  Some  strains  double  in  volume  as  often  as  onc^  every 
20  minutes."^^  Since  the  ‘Tjugs*  can  be  genetically  engineered,  it  is  theoreti¬ 
cally  possible  to  design  a  “bug”  to  render  any  type  of  petroleum  product 
useless.  In  fact,  it  appears  as  though  one  might  be  able  to  poison  the  entire 
petroleum-based  sector  of  a  nation.  For  example,  consider  the  effects  of  a 
supertanker  off-loading  its  entire  cargo  of  petroleum  laced  with  a  time-acti¬ 
vated  microorganism  into  the  Japanese  petroleum  system.  The  effects  could 
be  disastrous.  Without  destroying  any  portion  of  the  infrastructure,  the  entire 
nation  could  be  brought  to  its  kne^.  At  this  time,  it  is  difficult  to  assess  the 
overall  utility  of  such  organisms,  but  in  the  future,  planners  may  not  only 
have  to  decide  what  and  where  to  strike,  but  whether  to  strike  with  lethal  or 
nonlethal  weapons. 


Summary 


Oil  does,  and  will  continue  to,  play  a  vital  role  in  conventional  warfare.  As 
the  pace  of  conventional  warfare  increases,  planners  must  seek  and  achieve 
immediate  results.  When  considering  oil,  such  results  are  best  achieved  by 
targeting  tactical-level  fuel  storage,  intermediate-level  r^upply  networks, 
and  strategic-level  harbors  and  refineries.  While  both  lethal  and  nonlethal 
means  are  certainly  available,  numerous  other  factors  exist  which  warrant 
consideration  and  fbture  study.  For  instance,  someone  might  want  to  consider 
the  depth  of  the  industry.  Just  how  much  time  is  required  for  the  refined 
product  to  travel  from  production  to  user?  The  answer  is  particularly  impor¬ 
tant  if  one  chooses  to  target  refineries  first.  Or,  in  a  relatively  shallow  indus¬ 
try,  is  it  possible  to  shut  down  a  refinery  with  nonlethal  weapons  and 
immediately  affect  flight  and/or  ground  operations?  Or,  what  about  any  spe¬ 
cial  economies  which  might  exist  within  an  enemy’s  petroleum  industry?  In 
other  words,  are  alternative  sources  of  production  available  (i.e.,  obsolete 
equipment)  prototype  or  training  models,  equipment  in  mothball  status,  or 
simply  that  which  is  easily  salvaged  or  repaired?  Or  finally,  what  about  the 
collateral  effects  of  targeting  oil?  In  considering  collateral  effects,  it  seems 
necessary  to  not  only  consider  those  which  result  from  the  destruction  of 
certain  portions  of  the  petroleum  system  (downstream  collateral  effects),  but 
those  which  can  affect  the  industry  as  well  (upstream  collateral  effects).  For 
instance,  what  type  of  catalyst  and  additives  are  used  in  the  refining  process 
and  are  they  readily  available?  Or,  how  about  the  multitude  of  products  which 
are  dependent  upon  the  huge  petrochemical  industry  immediately  down¬ 
stream  of  the  refining  process?  Are  any  of  the  products  essential  to  the  mili¬ 
tary?  The  fact  remains,  hundreds  of  questions  must  be  asked  and  answered 
regarding  this  and  other  critical  industries. 
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Chapter  6 


Conclusion 


Suc<»ssful  warfare  requires  not  only  adequate  military  forces  but  advanced 
economic  systems  capable  of  supporting  these  forces.  Such  systems  inherently 
provide  lar^e,  soft,  and  extremely  vulnerable  targets  that  are  susceptible  to 
enemy  attack,  spedftcally  enemy  air  attack.  The  key  is  to  strike  a  concen¬ 
trated  industry  which  is  vital  to  the  prosecution  of  a  war.  The  petroleum- 
based  sector  of  a  nation’s  economic  infrastructure  is  generally  concentrated 
and  often  a  prime  target  set.  By  striking  oil-related  targets,  it  is  possible  to 
immobilize  and  destroy  an  opponent’s  military  force.  Furthermore,  one  can 
force  the  oppcment’s  civilian  population  to  share  the  effects  of  attack  without 
being  exposed  to  direct  bombardment. 

To  properly  understand  the  effects  of  targeting  oil,  this  study  has  sought  to 
determine  the  fundamental  utility  of  targeting  and  attacking  the  petroleum- 
based  sector  of  a  nation’s  economy.  The  study  devoted  specific  attention  to  the 
why  of  the  petroleum  target  set.  Ideally,  ^e  reader  is  now  able  to  better 
understand  whether  petroleum  is  critical  to  a  nation  and,  in  those  cases 
where  it  is,  how  to  go  about  destroying  it. 

Historical  precedents  do  play  an  important  role  in  the  success  of  any  future 
targeting  strategy,  including  oil.  While  a  number  of  conflicts  are  available  for 
study,  World  War  II  and  Vietnam  seem  to  offer  the  best  historical  perspec¬ 
tives.  In  the  case  of  World  War  II,  the  Allies  fought  an  unlimited  war  against 
the  Axis  powers.  However,  with  the  advent  of  nuclear  weapons,  the  US  fought 
a  limited  war  in  Vietnam  in  the  shadow  of  the  nuclear  thr^t.  As  for  targeting 
oil  in  past  wars,  the  planners  learned  many  valuable  lessons,  many  of  which 
remain  applicable  today.  The  mqjor  lessons  of  World  War  11  and  Vietnam  are 
as  follows: 

-  Strategic  mtellig«nce  is  a  must 

•  Civilian  targeting  ei^rts  are  a  must 

-  Doctrine  is  not  a  synonym  for  targeting. 

-  Centers  of  gravity  are  not  necessarily  subject  to  attack. 

-  One  must  anticipate  the  collateral  effects  of  bombardment. 

•  Air  superiority  may  be  possible  as  a  result  of  POL  targeting. 

-  Mirror  imaging  is  a  constant  problem. 

-  One  muBt  {dan  to  work  around  sanctuaries. 

The  fact  remains,  oil  proved  to  be  an  extremely  effective  target  during  World 
War  n  but  an  illusive  and  frustrating  target  during  Vietnam. 
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Although  oil  has  etyoyed  only  limited  suc^ss  as  a  suitable  target  in  the 
past,  the  future  appears  bri^t.  First  of  all,  oil  appea»  to  be  relatively  plenti- 
fill,  it  does  not  appear  to  be  a  likely  candidate  for  i^placement  by  an  alterna¬ 
tive  energy  source  anytime  in  tlm  near  future,  and  consumption  seems  to  be 
increasing  slowly.  Furthermore,  while  it  is  impossible  to  teU  from  the  results 
of  the  Gulf  War,  oil  will  most  likely  play  a  nugor  role  in  future  wars,  particu¬ 
larly  in  large-scale  conventional  conflicts.  Finally,  with  the  advent  of  hyper¬ 
war,  taxg^ing  must  now  achieve  immediate,  ‘Hrser  first”  results.  Therefore,  in 
tl^  case  dT  oil,  one  should  strike  tactical-level  storage  faciliti^  fimt,  followed 
by  pipeline  pumping  stations,  and  then  refineries  or  points  of  importation.  In 
the  case  of  refix^^,  the  most  appropriate  taigets  appear  to  be  distillation 
towers.  FurGiermore,  it  may  now  be  pcMsible  to  :^der  a  nation’s  entire  raw 
crude  and  refined  petroleum  product  stodcpile  useless  with  the  use  of  non- 
lethal  m^genating  agents  or  microorganisms  similar  to  tiiose  used  in  biore¬ 
mediation.  In  sum,  the  petroleiun-baaed  sector  of  a  national  economy,  in  many 
cases,  is  an  appropriate  target  in  ordm*  to  affect  enemy  military  operations. 

As  the  Unit^  States  Air  Force  prepares  to  enter  t^  21st  century,  many  of 
the  original  problems  encountered  during  previoxxs  wars  are  either  outdated 
or  now  draw  critical  attention.  Given  currmxt  and  future  technological  devel¬ 
opments,  it  appears  possible  to  identify,  target,  end  destroy  the  critical  com¬ 
ponents  of  an  enemys  petroleum  industry,  thereby  greatly  enhancing  one’s 
chances  of  victory.  Given  the  continued  importance  of  oil,  Daniel  Yezgin 
rightly  states  in  his  book.  The  Prize,  ’Tor  ours  is  a  century  in  which  every 
facet  of  our  dvilizatioB  has  been  transformed  by  the  modem  and  mesmeriaing 
alchemy  01  petroleum.  Ours  truly  remains  the  age  of  oil.*^^ 
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